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An understanding of the factors affecting crop.yields would be 
beneficial in helping to predict total production. A more accurate 
production estimate could assist in preparing for possible focd short­
ages, help assess the geographical distribution of food supplies and aid 
in forecasting market trends more accurately. 
World population is continuing to increase, making. the threat of 
famine an ever-present danger. Climatic variation and weather abnor­
malities can cause serious crop losses in any given year. Thus, a need 
for some precision in climate-crop monitoring seems apparent.1 
There is also the economic importance of accurate and timely 
reporting of crop resources. Pricing, trading, and supply and demand of 
agricultural products are economic factors which involve billions of 
dollars every year. World grain trade in wheat, rice, barley, rye and 
oats has grown from 113 million tons in 1971-72 to approxL�ately 154 
million tons in 1976.2 The United States, as the largest international 
trader of small grains, is very dependent upon a foreign demand for our 
agricultural prcx:iucts, as are our individual farmers. Agricultural 
1Paul J. .fai te, "Yield Estimates from !-_eteorological Information," 
NASA Earth Resources Surve SV!"lnos;UM (Houston, Texas: Lyndon B. Johnson 
Space Center, June, 1975), pp. 64-65. 
2 R. B. 1-fa.cDonald, "The Large Area Crop Inventory Experi"tent," 
( paper presented at the 2nd Annual ·;;illian T. Pecora .. :e::norial SyYjpoSiU!., 
Si : ... x Fal:..s, �o th �a� ta, C �oo�r 25-29. 1976), p. 2. 
products are our nation's lar6est export category. Farm exports 
increased from 8 billion dollars in the 1972 fiscal year to almost 
22 billion dollars L� fiscal 1975� 3 
Reliable agricultural statistics help governmental legislation 
concerning price supports and import and export controls. Farmers also 
may use these as an aid in deciding what to plant, and when to sell. 
The market cor.rrnunity ca.� use these figures as a check on price 
fluctuations which occur with uncertain supply. Adjustments to bring 
4 supply up to demand depend upon accurate data. 
To make optimum use of the agricultural data one must be able to 
compile it accurately and in an applicable ti.I!le period. Figures given 
months after harvest lose much of their usefulness. To estimate 
production earlier in the crop growing season, researchers have been 
working on method.s to predict yield and acreage of cro:ps. 
A relationship between climate and crop yield is not a new 
discovery. However, to aid researchers modern technology has provided 
new tools including satellite images and the computer. 
The United States launched its first meteprological satellite on 
April 1, 1960 and has orbited many since that time to measure various 
weather patterns in our enviro��ent.5 Approximately twelve years later 
on July 2J, 1972 an �arth �esources Technology Satellite (��?S, now 
Jibid. 
2 
4sc�th �akota, Crop and Livestock Reporting Service, So th �a.�ota 
Agricul t:ire 1975 (Sioux Falls, South :Jakota, '.ay, 1976), back cove:-. 
5- T • • r� � • d � . t fl 6J ,,a.i te, .J. l.e.... .:..s 1.,�a es, p. • 
known as LANDSAT) was launched by the United States. Its purpose was 
to collect data and monitor the earth's resources, including agricul-
t al in.f t. 6 ur onna ion. 
In addition to the satellites designed to help monitor the 
environment was the developnent of new sophisticated statistical 
procedures. The invention and subsequent advances in the electronic 
computer along with new techniques of inferential statistics helped to 
produce the new statistical procedures and make them more accessible 
to the non-statistician.7 
The developnent of these systems was instrumental in bringing 
crop-climate relationship studies into popularity. A major research 
project in this field is the Large Area Crop Inventory Experiment 
(LA.CIE) which is an attempt to inventory wheat production around the 
world, using remote sensing imagery to determine wheat acreage and crop­
climate moo.els to predict the per-acre yield.8 
The Research Problem 
The social and economic importance of accurate crop-climate 
forecasting and agricultural data acquisition has been noted. The advances 
in methodology to analyze the relationshiµ, has also been touched up:>n. 
6Robert D. Rudd,- Re1;1ote Sensi!1g: A et ter liew (.Iorth Scituate, 
1-:assachuset ts : :Jux ... 'J.rY - ress·, 197.:.-) , p. 86. 
7L. Lloyd Haring and John F. Lounsbury, Introduction to Scie!1tific 
Geogranhic Pesearch (:)ubuque, Iowa: Wm. c. Brown Company Publishers, 
1971), pp • .54-55. 
f\,�cDonald, " !'Op Inventor,J ��ri."lent," p. 4. 
4 
The particular problem considered in this paper is to determine what 
factors play a significant role in the output, of oat yields. The yields 
will be correlated with monthly precipitation and temperature figures 
and a yearly fertilizer application variable. If some of these 
variables are found to be significant-they can be used in an equation 
to help predict oat yields. 
It is hoped that this study will add to the lmowledge of crop­
climate relationship:3. The primary difference between this problem 
and previous studies is the crop used. While other· researchers have 
experimented with wheat, this study will deal with oats. Wheat is a 
important small grain but many of the less well known feed grains such 
as oats, barley and rye also are significant. 
Total production of bushels harvested has almost completely 
over-shadowed the yield aspect. The yield figures have been based on 
the bushels per acre from harvested fields. This is necessary to 
calculate the total production figure, usually the main result desired. 
LACIE mod.els have used these yield figures. 9 In ad.di tion to yields :per 
harvested acre are data available for yields of bushels per acre 
planted, irrespective of whether the fields were harvested or not. This 
method helps take into account poor weather conditions which may have 
discouraged farmers from harvesting some fields. Ieither planted nor 
harvested acreage can give an exact indication of the yield potential 
of an area, but both are useful and will be considered in this pa.per. 
9waite, "Yield Estimates,n p. 63. 
5 
A final p::>int is that model studies are area-oriented. Different 
geographic areas with different climates, soil types, yields and 
farming practices may cause variables to change in significance from 
one area to another. In a Canadian study, Saskatchewan wheat yield 
variability was found to be attributed more to weather-related causes 
than yield of wheat in Hanitoba.10 Using identical variables in 
different areas brought about different resuJ.ts. Similar research 
done in different areas help:; form a network of studies to find where 
certain prediction models will work. 
Limits of the Study 
Results of this study are li.mited by the following: 
1 .  Results obtained flay be useful only in the limited area 
of the study. 
2. i ot all the variables which affect yield will be accolL�ted 
for. others such as day length, soil moisture, diseases, 
insects, govern.�ental actions, farming practices, soils, storms 
and so forth also contribute somewhat to yields . 
J. An accurate monitoring of climate-plant growth relation­
ships would be necessary to determine where in the growth cycle 
the oats plar1ts are at a.,,y given P9riod during the growi.'1.g season 
L� o er to assess the e�-�cts of clL�ate. 
10G. :J. V. T,,:illi.2-"'IB, "�sti.'"'!ates of Prairie Provincial �foeat 
Yields based on Precipitation a.�d Potential �vapotrans.iration,� 
Canadian Jou...�al of Pla."1t Scie�ce, 53 ( a.�uary, 1973), pp. 29-J0. 
4. The usefulness of the prediction equation is dependent upon 
which monthly factors are most influential upon the oat yield. 
Irnporta...�t late-growing season factors reduce the effectiveness 
or early yield prediction. 
Test Area 
Any geographic study invariably deals with important spatial 
relationships. The study area selected was East-Central South Dakota. 
The counties included Deuel, Hamlin, Brookings, Kingsbury, Lake and 
}!oody. Their location in relation to other South Dakota counties is 
shown in Figure 1. 
This is an area of approximately 2½ million acres of which about 
95� is farmland. 11 12 Of this land in_ farms, over 72-? is cropland, 
and oats constitutes about 20� of this. 13 A high of 635,900 acres of 
14 oats were platned in 1946 and a low of 288,000 acres were planted 
in 1972.15 
Areal extent of the study had to also be restricted because of 
the large volu.�e of data generated by county oat yield figures and 
the monthly clirn.atic variables. 
11south :Jakota, 8rop an Livestock ?.eportin:; Service, Scu.-rit-, 
A�ric1..1.� -....��, �!ols . !-6, 3r0�-:�::-s, :e,:31, ::2..:-..lin, J:in�sb-1ry, :2.�e a.�d 
::0-:dy (Sioux ?alls, Sout:1 :)a�ota, 1967-1968), p. 1. 
12Ib .d l. • •  p. 52. 
13Ibid., p.· 37. 
14Ib.d 1 • • p. 44. 
15s �t� ���O�-, �� 
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A project in 3astern �fyoming dealing with yields of winter wheat 
employed an eight county area with weather data from eight stations and 
a data base of 45 years. 16 Similar criteria were used for this study. 
Location of the test area as well as the size of it was LTUportant. 
This site was chosen to add to the network of crop model studies. 
Experiments of this nature have not been conducted in this locale, 
therefore this will add to the geographic distribution of such studies. 
Most studies have been conducted with wheat, and thus were 
undertaken in soils and climates more suitable to wheat. This project 
deals with an area where corn is the major grain crop with oats as the 
most important small grain. The six counties had an average of J6.� of 
the cropland in corn, 211 of the cropland in oats and only 1.51 of the 
cultivated land was planted to wheat. 17 
The soils of the area are Chernozems in the old classification. 
In the Comprehensive System they are Borolls and Ustolls. A change 
to slightly warmer and wetter conditions was apparent from the soil 
types as one moves southeastward. in the area. The southwestern quarter 
of Kingsbury County is located in a drier, more level area of the James 
River Valley. These variations were not considered significant enough 
to affect the results. _he counties north of the test area such as 
Clark, Ccx:lington and �rant r..ad soils somewhat more similar to those of 
Brookings, ::a.Inlin, :.,euel and Kir�6sbu.ry, ut t:-iey were extending ou:.waJ·d. 
1�. O. Pochop, R. L. CorP..ia and C. R. 3ecker, "Prediction of 
Winter '1heat Yield from Short-1er.n � eathe·r Factors, n· Agro!lorw Jou.Mal, 
67 ( a.�' J, 1975), p. 4. 
17s. D. , Crop and Livestock Reporting Service, County Agricultll!"'e, 
Vols. 1-6, pp. J6-J7. 
z 
from the corn-oats cropping pattern into an area where wheat was 
b . d . t 18  econung more ominan . ln those three cotmties corn acreage of 
cultivated land was down to 1 9;, ,  oats held at 2 0� and wheat rose to 
about 9� of the cultivated lal"ld . 1 9 The value of each crop as a 
percentage of total crop value in 1975 is s hmm below :2 ° 
Corn Oats 
Six Tes t  Counties -
Clark , Codington , � rant-
ProxLmity to South Dakota State Univers ity where _ the research 
was being conducted was also pa.rt of the rationale for using the six 
cotmties sele cted . Any data proble!llS which may have involved trips 
to the various counties could more easily and e conomically have been 
corre cted if the areas were near .  
Literature �eview 
A number of previous s tudies have been influential in providing 
background material . �-Theat crop models have been emphas i zed but it 
is assumed that the basic principles applied to wheat modeling can 
be used on oats also. 
1 8Fred C . · :-es tin and .uonald L .  3annister , "Soil Ass oci2.tions of 
South '9a.kota , 11 A�ricultural .::X:p2 ri."1ent Station , Information Series , 
i o .  3 ,  (3r o . ...:..."!SS , South ....,a.kota : .., o:.it!-1 :Ja�ota State :..ni ers i  t , 
J anuary ,  1 971 ) . 
1 9s outh Ja.�ota , Crop a..�d Livestock Reporting Service , Co �ty 
Agricult,ire , " ols . 7-9 , C 2.!'"K , �od::...."1gto� , and ura.."1t (Sioux Falls , 
South Dakota , 1 967-1 968 ) ,  pp. 36-37 .  
20 S .  D .  , Crop and Lives tock .c.e rting Service , So th DaJmta. 
1-.. -ri c tl -t, _ e 
9 
• 
1 0  
One prominent theme found in the literature concerned the use 
of multiple statistical regression as the methcxiology used to quantify 
the croP-climate re lationships. Essentially , this mathematical 
procedure ranks the independent variables, such as monthly precipitation 
totals, as to their effect on the dependent variable, yield. 21  
The relative importance of  the factors affecting yield is the 
first extraction from the use of multiple regression. F rom this an 
equation can be derived so that data values can be entered back into 
the regression formula to check on the accuracy of the prediction 
equation. Pochop, Cornia and Becker in a study with winter wheat in 
Eastern Wyoming expressed. the formula in the following w� :22 
Y
q 
= B0 + B1M14 




= Estimated yield in year q 
B0 • • • • • • • • • •  Bp = Regression Coefficients 
M1q
• • · · · • • · ·M
w � 
Principal variables for year q 
Monthly precipitation and temperature averages were the variables 
used most often to relate to crop yields. The advantages of using 
monthly data were outlined by cO.uigg. 
1 .  The data are easily available froo publi cations. 
2\Tai te,  "Yield Estimates, " p. 64. 
22Pochop,  Cornia and Becker, "Prediction of Winter ·!heat 
Yield, n p. 5 .  
2 .  There is a good data base available because historical 
records often go back far enough to have sufficient data . 
1 1  
3 .  There is often an established flow of current meteorological 
data to us e  in the mode1. 23 
other ti..ltle frames were used in some studies but most large area 
studies used monthly data. The particular months and tyi:es of monthly 
data used varied. Usually a preseason moisture index combining a 
number of months was added as a variable. In a study done by 1-foldenhauer 
and Westin on spring wheat in South Pakota , total pre cipitation from 
August 1st to Harch 31st was considered preseason moisture. It was 
found to affect yields significantly , but not to account for as much 
variance as some maximum monthly temperatures. 24 In a Canadian study 
on spring wheat Robertson used a 2 1 month preseas on moisture index on 
fallow fields , and accounted for 26 . 5� of the variance in yields. 
Preseason moisture was also found to be less effective than monthly 
growing sea.son precipitation totais. 25 August through March precipita­
tion totals were negativezy correlated �Tith wheat yields in Illinois 
23James D. HcQuigg and Norton D. Strommen , "Developnent of LA.CIE 
Weather-�·lheat Yield Acx:lels , "  (pa.!=€r presented at the American Society 
of Agronomy Annual 1 :eeting , :iouston , Texas , December 2 ,  1 976 ) ,  p .  2 .  
24",·l . C .  _,:oldenhauer and Fred C .  ,'1estin , "Some Relationshiµ3 
Between c1;na.te a--id Yie_ds of ...,om a..."ld �-l:leat i..l"l S _ ink COLL"'lty , S 01 t:1 
Dakota , and Yields of :1ilo and Cotton at .Big Spring , Texas , 11 Agrcnogy 
Journal , 5 1  ( 1 959 ) , pp. 373-374. 
25George W. Robertson , �fueat Yields for 50 Years at Swift 
Current , Saskatchewan in Relation to �-leather , 11 Canad1al"l J ournal of 
Plant Scie. ce , 54 · (cctober , 1 974 ) , . P. 625 , 63 0 .  
12 
and Indiana, but were p:,si ti vely correlated  with wheat yields in the 
Dakotas. 26 The effect preseason moisture has on a c rop depends upon 
the type of c rop grown and where ·it is grown. These reports and others 
show· the importance of preseason moisture to be variable and its 
inclusion as an independent variable in this study is  necessary to  
c heck its significance. 
Growing sea.s on tem�ratures and precipitation totals were used  
at  times indeJ;endently and at  times in conjunction m..th one another. 
Often average maximum, mean and average minimum te mperature s were 
employed. In Spink County, South Dakota spring wheat yields were more 
significantly affected by June and July maximum temperatures than by 
precipitation during those same months. The use  o:f preseason moisture 
and the monthly precipitation from April to July accounted for only 
49% of yield variance.  vfuen the maximum temperatures for May, J une 
and July were added to the regression study the explainable variance 
rose to 7�1. June and July average maximum temperatures  when used 
alone were responsible for 63� of the variance in  wheat yield. 
Temperature was thought to reflect pa.st weathe r condition s whereas 
precipitation did not. egative correlations were found between 
maximum tem�rature s  and precipitation totais.27 Roberts on also found 
26Louis "-! . Thompson, 1r,;.tJ'eathe r and Technology in the Prc:x:luction 
of Wheat in the Unite d  States, " Journal of Soil and · :ater Conservation, 
24 ( 1969 ) ,  pp. 221-223. 
271. oldenhaue r and Westin , "Relationships Between Climate and 
Yields, " pp.  373-374. 
negative correlations between growing season rainfall and June and 
28 July maxi.mum temperatures in Saskatchewan, Canada. 
13 
G. Williams ' ·  study on spring wheat in Canada found preseason and 
growing season precipitation and growing season potential evapotrans­
piration to account for more variance in yield when used together than 
when precipitation was used alone. It was also noted that variability 
in wheat yields was higher in Saskatchewan than in the more humid 
province of Manitoba. This yield variabili ty was more attributable 
to weather factors in Saskatchewan than in Manitoba. 29 Similar results 
were found in Israel where rainfall alone was used to predict yields . 
In the more arid regions approximately 70p of  the wheat yield variability 
could be detennined by multiple regression, whereas only 3� of the 
variance was explainable in the more htnnid areas .J O  
Temperature effects on small grains in North Dakota were studied 
by Ramirez and Bauer. They found negative correlations between the 
number of  dccys above 90 degrees Fahrenhei t and the yields of small 
grains on dryland farms . A. simple counting of the days above 90 degrees 
was thought to be a suitable predictor of small grain yields when used 
with other criteria such as rain.fall and management practices.31 
28aobertson, rr--tTheat Y ields in Relation to ,[eather, "  p. 630. 
29·.·/illia'LS, 11:::s ti..-rn.ates of Provincial .faeat Yields, 11 p.  29. 
JOJ. Lewis and J. Lomas , "A Comparison of Statistical and Soil 
Moisture Hodeling Techr.iques in a Long Term Study o.f meat Yield 
Performance Under Sem-Arid Conditions, " J ourntl of A oolied .Scologv, 
1 1  (Dece�be r, 1974 ) ,  p .  1 089. 
3 1 v � . d A .,...., • _ . . :.a.."U.re z ar: • ...:a'-4er , 
Crooo and Soils , 26 (1974 ) , p .  1 7. 
nsrcr..ring :;:)egrees for �-:any Cro!=S , n 
3 3 2 3 7 1 
S UTH DAKOTA STATE U �VERS ITY l�RA ,  y 
l 
14 
Studies have been conducted using temperatures and precipitation 
totals alone and in combination , and it appe�s that using both of them 
produces the best results . Another important factor usually used in 
regression analysis is a term to describe the increase in yield due to 
advances in fann technology, unrelated to the year to year weather 
variability. Robertson , in a study in Saskatchewan was able to explain 
up to 80.� of the wheat yield variation from 1933-1956 by using weather 
variables . Using the same variables from 1956-1972 , only 29;� of the 
variance was accounted for . The es�imated yields were found to be 
lower than the actual yields. 32 This appears to involve factors 
affecting yield which are unrelated to weather.  An accounting of 
between 80-92.� of wheat yield variability was found in a study of 
wheat yields related to weather variables and a technology trend term . 
This proj ect was conducted in the Dakotas, Indiana, Illinois , Kansas 
and Oklahoma.33 
Factors such as new crop varieties, increased fertilizer rates, 
goverrL�ent actions , and better fanning practices have helped to 
increase our yields dra.matically. 34 
One means to assess this tech.�ologic trend is to base the trend 
on time by fitting a linear equation to the upward trend in yields and 
32:2obervSon, u--rneat Yields in �elation to ':leather , "  pp. 643-644 . 
JJTho�µ3on , rri:•Teather and Technology , n p .  224 .  
J4Wai te, "Yield Estimates, " p .  6J . . 
15 
then calculate deviations from this line. Deviations a certain distance 
from this trend line were considered to be weather related. 35 
Another method is to use elements of the technological advance� 
as factors in the regression moo.el. Thomµ3on noted that the increase 
in crop yields since 1945 can probably be attributed more to increased 
fertilizer application than any other factor. 36 Thi s same idea was 
expressed by Waite who noted that little fertilizer was applied on croJ;G 
on the Great Plains prior to 1950 ,  and that yi elds began to climb 
about 1955 , due primarily to increased fertilizer appltcation.37 
Other factors affecting crop yields have also been used. Solar 
radiation, potential evaporation, soil moisture, and soil temperature 
may be better representations of the actual climate variables affecting 
crop growth, but such  data are not as readily available as are air 
temper�tture and precipitation, and thus have not gained wide acceptance . 38 
In addition to the statistical moo.el, crop growth models are 
needed to indicate the stages of growth for a crop. This employs the 
us e  of daily measurements of factors such as temr-,erature, solar 
radiation and precipitation to detect stage of growth at a partic ular 
calendar date. S uch a moo.el would aid in determining when the climate 
variables affect the crop the most. 39 
35Pochop, Corni a and Becker, "Prediction of :linter Ttlhe at Yield ,  u p. 4 .  
36Thom:µ3on, "Weather and Technology, " p. 223 . 
J?Waite, "Yield :r;stimates, " p. 64. 
38J .  R .  Haun, "Predictio!'l of Spring Uheat Yields from ern�rature 
d Pr . . tat· � t 11 , - 1 "'6  ( , ,�74 )  4C6 an _ ecipi ion _ja a, r.<:;::."c� . J IJ o:.:rn:l,_ , b ... · _ay, • '7  , p. ' • 
391-1a.cDonald, "Crop Inventory Exi:eriment, " p. 6. 
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Prediction of yield is only one facet of the recent emphasis on 
better produ�tion forecastinG. The other aspect concerns the prediction 
of the acreage of the crop to be harvested which is essential for 
maYj_ng a production estimate. 
The LACIE project is a.ri exi:erirnent to predict yield an:d acreage 
of crops. The acreage estimation involves the use of satellite remote 
sensor data to detect wheat fields by their reflecta..11ce signatures. 
Sample segrrients of five by six miles are selected fro� a relatively 
ho�ogeneous prcx:luction area and estirr..ates of the acreage devoted to 
wheat in these seg:nents are made . Predictions of the yield in these 
segments are also made . The figures then are multiplied and a 
production estinate for the e�tire homogeneous strata 1s made based on 
the projections from the sa�ples. 
The acreage a..�d yield estimates are then taken during various 
phases of the growing season. Sarly surveys begin when the wheat has 
emerged fro:;n t:ie grom1d and ca.n be considered n acres f'or harvest" at 
that time. Production estimates are made on a regular basis without 
the use of ground truth or reports fron the Statistical Reporting 
Service. This is an attempt to improve the ti.."!le a11d accuracy of 
productio� reports.40 
A quantitative �ethod to analyze the data a..nd the variables used 
to relate to the crop yields has been explored. Fro� t�ese studies 
the basis for this project wa.s drm-m. In addition, another as:pect of 
crop mcdeling , acreage esti..niation , was also touched upon. 
4oibid. , p9. 5, 12-13. 
The Procedure 
The purpose of this pa.pe r is  to detennine the factors affecting 
oat yields in Eas t-Central South Dakota and to us e  the factors in a 
predicti on equation to estimate future yields. 
1 7 
Chapter II "Oat Growth Stages" is designed to aid in understanding 
the climatic requirements of an oat plant and its growth cycle. This 
will help c orrelate the significant climatic variable periods with a 
particular stage of oat growth. 
The data on yields, meterological and fertilizer variables are 
given in Chapter III . 
In Chapter IV the computer analysis of the raw data and the 
compilation of the results will be conducted. 
"Data Evaluati on" is taken up in Chapter V and will include the 
inte rpretation and analysis of the results obtamed in the preceeding 
chapter. 
Chapter VI " Conclusions and Reconnnendations" will- be the final 
chapter, where the major findings will be noted and any future recommen­
dations for similar studies will be given . 
CHAPTER II 
OAT GRO:fr __ STAG�S 
Pla..�ts respond to clL�atic conditions differently at different 
stages of growth . A basic understanding of the gr0vrth periods of a 
crop and its reaction to weather factors is helpful for yield prediction . 
Oats is a small grain similar to uheat, rye ,  barley and others . 
It is grovm extensively throughout the Temperate Zones of the world . 
The United States is the leading oat producing country follov-red by the 
Soviet Union a.rJ.d Canada . South Dakota ranks second behind Einnesota as 
1 the lea.dine state producer. 
The primary use of oats is as an anLrnal feed. Because of the 
replace�ent of work an:L�als b-J Machinery and the increased yields of 
corn , sorghmn , and barley, oat acreage has declined in r9cent years . 
Despite this , its value as a.."'l an:LT11al feed is still considerable as is 
its importance in crop rotations , such as vrith red clover, alfalfa 
2 and corn. 
Oats produce best under moist conditions accompa.."'lied by cool 
surmners . It can often withstand periods of exces s  moisture , even 
1willia.."'1 R .  VanDersal , "Oats , "  Tr..e � lorld Book Zn�.rcloredi a., 14 
( 1971 ) , pp. 480-481. 
2John H .  :fartin , �farren B . Leona..aj and David L .  Sta.mp , Pr5-r-ciDles 
o� Field Srou Pr0i�ctio:-!, (3rd ed.. ; �. ew York, '"ew York: lfacEillia..11 
Publisnn� Co. , ��c. , 1976 ) , p . 521. 
during the .flowering pericxi. In a number of ways it is best sui ted 
.for are as that are tm.su.ited to wheat. 3 
Soils can vary considerably and still produce good oat yields. 
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Fertile and well drained silt loams and clay loair.s are soil textures 
best suited t-o oats. Heavy, poorly drained clccy- soils often cause the 
oats to lodge or bre ak and bend stems from being too intertwined with 
each other. 4 Dry sandy soils or soils from limestone als o produce 
poor oat yields. 5 
Fertilizer applied to oats also contributes to iJ:icreased yields .  
Nitrogen, phosphorus and potass ium are all needed by the oat plant, but 
nitrogen is the most essential e lement. 6 
Grevrth moo.els are needed to accurately de termine what stage t�e 
oats is in at any particular time . These moo.els would closely identify 
the effects of ,reather on certain stages of grmrth. 7 A growth moo.el 
is beyond the intent  of this paper, but/ a description of oats develoP­
ment in the test region will be discussed .  
Jr_.lilliam Van Royan, The Agricultural �es ources of the �forld, 
(Mew York, N ew York :  Prentice-Hall, Inc. , 19.54), p .  65 . 
4Martin, Leonard and Stamp, Principles of Field Cron Prcrluction, 
p. 524.  
5
van Roya.ri , Agricultural : esources of the � forld, p .  65 . 
� :artin, Leonard and Stanp, Frinci:)les o:: ::-'ield '"'roD ?rcxL1ction, 
pp. 531-532 . 
7Paul J .  ';·!aite, 1ryield Estimates from Heteorological Infonnation," 
!ASA :arth �esource s Sm-.;-ey SyMoositrr'l (Houston,  Texas : Lyndon B. 
Johnson Space Center, June, 1 975) , p. 64.  
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Oats should be seeded in the spring as early as a proper seed 
bed can be prepared, but this should be done after the threat of a long 
cold spell is passed. In areas with drol]f;ht problems or regions of 
hot summer te?11peratures this is very important if critical crop growth 
is to occur before the hot dry weather sets in . It  should be seeded 
before the average temperature reaches 50 degrees Fahrenheit .
8 
The planting dates vary .from year to yea:r. From 1960 to 1969 the 
average starting date in East-Central South Dakota was about April 22!1d . 
About 5 ; of the oats is seeded by 1�arch 31st , and approximately 91 � 
is in the ground by ?-:ey- 5th . 9 
The growth and developnent J:eriods described below are for a 
speci.fic variety of mid-season oats called nchief" grown at Brookings, 
South Dakota . Other varieties grm-m in other areas may have different 
time periods between growth stages . These stages also mey vary some­
what .from one year to another for Chief oats at Brookings depending 
upon the weather , insects, diseases, nutrient supplies and so on. The 
occurrence of the stages and the order in which they occur will be 
the same regardless of the oat variety or the location. 10 
930•..1.th :)�:ota , jro _ and Lives toe_, �e;,ortin. � Ser�r:i_ce, ?!"::,"1 
Pla.1tin::; to - :a!�est, (Sioux ?alls, South =.ia.kota , Circula 197 ) , p. 39 . 
1�ale I, .  :leeves a.11d H . S. Sraon , "H�-r an Oat Plant Develops," 
Agricultrral �per.£-Tllent Station , Bulletin 645 , (3roQ_tlngs, South :Jako ta :  
South DaKota State University , October, 1976 ), pp . J-4 . 
21 
The oats was eypothetically pla.11ted April 22nd and was conside red 
to have genninated about a week from the date of seed.ing . 1 1  The 
:intervals and growth stages follow. 
1 .  Germination (April 29th) - This is the initial stage of growth 
where the oat seed starts to swell and finally pushes a shoot above 
the surface of the soil. This time from planting to germination can 
vary due to diffe ren ces in soil temP3rature , moisture , depth of 
planting , and the vigor of the seed itself. The oat plant can withstand 
mcxlerate frosts so it is best to plant it as soon as the ground can be 
prepared in the spr1ng. It helps reduce problems 0£ late summer hot 
weather. Ear]y planting also helps to reduce later disease and weed 
problems. A disadvantage to early planting is the vulnerability of 
the oat seed to disease organisms ii" the soil remains too wet and 
cool for growth during this phase. 
2. Seedling Grouth (April 3 oth ) - About a d� a£ter the £irst shoot 
ap:p3ars additional leaves become visible. Temrerature is the most 
critical factor for plant growth during this :p3 riod. It is also during 
this time that fertilizer is applied. Usually nitrogen , potassium , or 
urea or similar nutrients and combinations of these substances are 
used for oats. 
3 . Tille ring (�  4th ) - At this stage new shoots are formed and 
begin to gro..;. :':'..is· is a long stage i..Yl the pla.-rit ' s  develoµ-ient , 
lasting about a month. Additional stems called tillers develop . 
They slowly grow .from the main stem. At the end of this stage the 
1 1:>ale ..1 .  ::lee·/8s , gricul hu al � pe ri.-.,ent Station Cat reeder , 
Private interview in his office , ."ovember 1 3 ,  1 977. 
plant stops producing leaves and growth of the reprcxiuctive sys tem 
begins. The head of the oat plant will appear about 22 to 36 days 
after planting , depending primarily upon the planting date, oat 
variety, day length and temperature. Only the leaves are above 
ground at this stage . 
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4 . Stem Elongation or Jointing (June 5th)- The growing -point of the 
plant has moved above ground now due to the e longation of the lower 
part of the main stem. Ned.es or joints form on the stem and growth 
occurs from them. This is a period of rapid growth. Sufficient 
amounts of water and nutrients are needed to get top yields . 
5 . Boot (June 16th)- Here the panicle or oat head develops and 
increases in size . The maximum size of the head wi ll have been 
detennined by the end of this stage. Elongation of the stem is  
practically complete . 
This is a critical stage in oat �aveloµnent. Any mechanical 
injury (such as hail) or moisture stress will cause greater reduction 
in yield than the same amount of damage at any other stage. A 
reduction in leaf area at this period lowers yields by the reduction of 
kerne l size and the prcxluction of fewer kernels . 
6 . Heading (June 24th )- Critical damage often occurs during this 
period. The oat head is pushed out of the flag leaf or sheath which 
has covered it until this t:i!Tle. During this pericxi " blas ting" often 
occurs . This is a method the oat plant has to adjus t the number of 
kernels to the condition of the growth environment. The blasted 
spikelets (kernel coverings) have no kernels forming in them, but only 
shrive led outer hulls . Hos t  of the blasting is relate d  to hot dry 
environmental conditions. If moisture is extremely deficient the head 
may not even fully emerge from its protective c overing . 
7. Blooming (June 28th)- Shortly after the head emerges pollen is 
shed and seed or kernel developnent begins. Flowering will continue 
for several days with oats , but the exact time of the blooming is 
often hard to determine. Weather that is hot and dry during this 
period can greatly reduce the number of kernels produced. Severe 
stress can result in large empty hulls. A frost at this stage could 
kill the flowering parts and halt seed formation. 
8. Milk (July 5th )- Developing kernels become filled with a milky 
fluid at this time. The growth is rapid with the grain hull reaching 
nearly full size. Moisture stress will produce light weight kernels 
of grain, but the hull size will not be affected because it is formed 
before the grain inside is fully developed. 
9 . Dough (July 1 1 th)- By this time the grain begins to firm up. 
Early dough stage is the most suitable time to cut oats for silage and 
hay. After this period the· leaves begin to fall off rapidly and feed 
value decreases. Cutting  oats at this time also  helps to reduce 
lodging . 
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1 0. Riooning (July 17th)- The grain is now fully developed. .-later 
is lost as drying occurs. The time until harvesting can vary consider­
ably due to weather conditions. Early harvesting often reduces lodging 
problems. 
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The s tages of oat growth described and the general time frames in 
which they occur can be used to help describe why the factors found 
significant by multiple regression were of such importance. 12 
Harvesting of oats in East-Central South Dakota appears to be 
about half completed by July 27th according to the 1960-1969 ten year 
average. About 5� is harvested by July 15th and 91� by August 9th. 13 
The harvesting period, considering swathing and combining of 
the oats, is hurt by rainfall. In a study with wheat in  Saskatchewan, 
Canada researchers found yield to be negatively correlated with August 
precipitation, August being the main harvesting  month there. The 
alternate wetting and drying of grain in the swath caused brittle 
straw resulting in lower yields. The harvest becomes delayed allowing 
birds, insects , and sprouting of the grain to c ause reduced yields. 
Even after growth has stopped yields can be affected by weather con­
ditions at harvest time. 14 
Becaus e  the oat vari eties di ffer, the planting times, growth 
stages and harvest periods vary, an accurate accounting of the oat crop 
calendar i s  difficult. To help improve this situation more plant 
growth models will have to be used to facilitate future yield predictions. 
12Reeves and Sraon, "How an Oat Plant Develop, , "  pp. 7-13. 
13s .  D . ,  Crop and Livestock Reporting S ervice, Plantir1g to 
Harvest, p. 42 . 
14George W. Robertson, "Wheat Yields for 50 Years at Swift 
Current, Saskatchewan in Relation to '°leather , "  Canadian Journal of 
Plant Science, 54 (October, 1 974 ) , p. 640. 
CHAPl'ER III 
ACQUISITION OF DATA VARIABLES 
Although data for climate and yields are readily available they 
present a handling problem because of their sheer bulk. Restricting 
the size of the test area helped to alleviate this problem somewhat. 
A second problem is selection of a data time frame. The data for 
LA.CIE models were gathered from approximately the last 45 years. 1 
An Ea.stern Wyoming study used a data· base from 1926�1970._
2 A 50 year 
data base was used at Swift Current , Saskatchewan.3 The majority of 
studies used data bases of similar lengths. 
A historical data base of 44 years was used for this project. 
It included the years 1933-1976. This period of years was chosen 
because relatively complete weather and yield data were available for 
the six county area for this time span. 
The acquisition of relevant figures for these 44 years involved 
gathering information from the three areas of yield, monthly temperatures 
a.Ixl precipitation and fertilizer. 
1Paul J. W'aite , "Yield Estimates frO!Yl Heteorological Information," 
1 ASA Earth Resources Su...rvev S mr:,osiun1 (Houston , Texas : Lyndon B .  
Johnson �pace Center,· June, 1 975), p . 63. 
2L. O .  Pochop , R. L. Cornia and C. F. Becker, " Prediction of 
Winter Wheat Yield from Short-Tenn Weather Factors , "  Agronomy Journal, 
67 (January , 1 975 ), p. 4. 
30eorge W. Robertson ,  " ,-lheat Yields · for 50 Years at Swift Current , 
Saskatchewan in Relation to Weather , 11 Canadian Jo 1�al of Plant Science , 




Oat prod.uction figures were compiled by combining the data from 
the counties of Brookings , Deuel , Hamlin , Kingsbury , Lake and Mood.y . 
These figures are found in Appendix A .  These kinds of data are gathered 
by the Statistical Reporting Service fr_om samples and surveys, thus are 
final estimates and not exact figures. McQuigg found these estimates 
to have a 2% error variance at the national level and as much as a 
4 tD,t error at a county level . Nonetheless, the estimates are the best 
available and will be used as the historical yield base. 
Harvested acreage yields and planted acreage yields both were 
used since neither is ideal. Prod.uction can only be detennined from 
fields that were harvested , but production is not the important 
statistic in this study. Predicting yield using only harvested acres 
may give an unrealistically high yield figure because it does not 
account for acreage which was not harvested due to poor yield prospects 
caused by drought , disease, temperature extremes, hail , insects, and so 
on. Only good. oats crop:3 will be harvested for grain , leading to 
biased high yields. 
Planted acreage also  is somewhat misleading in tenns of yield . 
The oats may be plowed down or cut for hay or silage because of adverse 
conditions. Some yie_ld will be pro:iuced from these acres but because 
the fields were not harvested ' the bushels will not be included in the 
production figures and a biased low estimate may be the result. 
4 J a.T'les :J .  ' !c-� igg and �:orton D. Stronrr.en, "!)evelo:µnent of UCI� 
, eather-· -.�eat Yiel:i : :ociels , "  ( paper presented at the k.erica.'1 Socie1:.y 
of Agronomy Annual Meeting, Houston, Texas, December 2, 1976 ), p .  J .  
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A study in Eastern Colorado by Brengle and Silter used harvested 
acreage for yield . estimation, but they did discuss the need to examine 
yield based on planted acreage as a further step. At times up to 4� of 
the cropland in Eastern Colorado is abandoned after planting because 
of unfavorable conditions and this wasn ' t  reflected in yield figures . 5 
Another problem with acreage and yield concerned the possible 
influence of irrigated lands. Irrigation of oats was found to be 
relatively insignificant in South Dakota. Only 4 , 01 0  acres of irrigated 
oats were harvested in South Dakota in 1959 , and only 3 , 070 acres in 
1960. 6 In 1973 4 , 100 acres of oats were irrigated and 4,400 acres were 
irrigated in 1 974.7 
The two sets of yield figures were used as the dependent variables 
in the regression analysis . Monthly temperature and pre cipitation 
information was used as an independent variable in the study and this 
also had to be compiled. 
Weather Variables 
Data on pre cipitation and temperature from August, 1 932 to 
August, 1976 were gathered for the test area. A maximum of nine 
5K. G .  Brengle and :tarry J .  Silter, "A Procedure for Projecting 
Yields for Linear Progra."Tri.ng of .:)ryla.11d ·. neat Farms in Sa.stern 
Colorado, " A£:!"On � -J o ..:..rnal, 5 ( : T ove:".tber, 1 9 r6) , pp. 637-63 . 
6south Da.�ota, Crop and Lives tock aeporting Service, South 
Dakota A�riculture 1961 (Sioux Falls, South �akota, circula 1 962 ) , 
p. 53 . 
7south Dakota, Crop and Lives tock Reportin Service, So�th 
�a!--:o a A .... ric 11 ture 19?5 (Sio·..ix ?alls, So  th Da. ot , .. ·.ay, 1 976 ), 
pp . 46-47. 
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stations frcm the six county area were used to determine the weather 
parameters. The data from each station were combi..T1ed then averaged 
for each monthly variable to obtain �ean precipitation and temperature 
figures for the entire six county area . The stations were located i.."1 
or near the following towns: Clear Lake , Castlewood, ryant, DeSmet, 
Arlington, Brookings, Flandrea:u , Wenb-1orth and Ead.ison . (Figure 2 )  
The number of years of record for these weather stations varied .  





























































Source : U. S . ::>epa.rt_ ent of Co:nerce, "'ational Oceanic and .A.mos­
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Pre cipitation re cords appear to be more abundant than data on 
temperatures. The information from each station was adde d  to the data 
base as the figures be came available . The spacial arrangeme nt of the 
weather stations and the periods when they beg an  recording were not 
ideal. It was difficult deciding which stations to use and what' ye ar 
to begin the compilation of the weather data. The year 1933 was chosen 
as a starting point be cause county oats yield data were available from 
then to the present,  and because other studies used approximately that 
length data base . 
In a Spink County study in S outh Dakota the information from the 
various weather stations was added to the weather variable averages as 
the stations became operational. The number of stations increased over 
this J)=riod of 19'26-1952 and their data was adde d  accordingly. 8 A 
similar method was used to gather the we ather average figures in  this 
report. 
The e ffect of us ing a dense network of weather stations was found 
to be minimal by McQuigg. He felt a broad or synoptic grouping of 
we ather stations was sufficient to get the needed  in.formati on. Time 
and cost factors made a dense network of stations impractical. 9 
Be cause of the above studies it was felt the irregularity of the 
station re cording ti.mes and locations would not affect the results of 
the study significantly. 
E\v. C. Moldenhauer and Fred c. Westin, "Some Relationshii:s Between 
Climate and Yields of Corn and Wheat in Spin.x Cotmty, S outh Dakota, and 
Yields of filo and Cotton at Big Springs, Texas, 11 Af;ron9IT£ Journal, 51 
(1959 ) , p. 373. 
9McQuigg and S trommen, "Developnent of LACIE Yield Models , n p. 9. 
. I 
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The number of monthly temperature and precipitation variables 
used was quite large. A complete listing of the data from these 40 
factors for the years 1932-1976 is given in Appen dix B. These variables 
were chosen because of their similarity to variables used in previous 
studies, many of which were found to significantly affect crop yields.  
Two important components. for the study, oat yields and possible 
significant weather factors have been calculated. A final component, 
fertilizer application , was added to the data bas e as an i ndicator of 
the upward trend in yield from technological advances. 
Fertilizer 
Use of fertilizer on croP3 has increased substantially in 
approximately the las t 25 years. This enrichmen t  of the soil is 
thought by some to be the primary reason crop yields have reached a 
level in recent years that can not be explained by we ather factors alone. 
Because of  these findings tons of fertilizer applied was used as the 
trend term factor for this s tudy. 
The figures used  are very general. No county :figures were 
available, there:fore only s tate tonnage was utilized. In addition to 
being s tate-wide, the figures also are not confined to applications on 
oats nor are they concerned with any r:art,icular chemical, such as 
nitrogen. 
Data on fertiliz er use in S outh Dakota have only been published 
since 1950 .  Fertilizer application prior to 1950 was re latively 
insignificant. These tabulations are in Appendix C. 
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The addition of fertilizer as a variable to affect yield completed 
the data bas e. All the essential ingredien� for the data analysis 




COi1FuT3R. A:!AL�SIS OP' 7ARIA3LE RSL..A..TIO!-TSHIPS 
The statistical netho:i used to relate yield to the numerous 
£actors affecting it was done by computer .  A computer program 
already available as a subroutine designed to handle multiple 
regression problems was employed to a..rialyze the data. 
Statistical multiple regression is used to measure the relation­
ships of a number of variables upon a single outcome. This statistical 
approach ra...riks the independent variables according to the percentage of 
oat yield variance attributable to each. 
Initially the mean of each particular variable for the 44 year 
time span was calculated. These figures are given in Appendix D. 
The ana�sis was run six times using six sets of data. �lements 
common to all six sets of output are : 
1. A..ri asterisk ( * )  signifies that that particular variable was 
statistically significant at the • 05 level. 
2. A plus sign (+ ) indicates that the variable had a positive effect 
on the regression when its jnfluence was felt. 
3 .  A minus sign (- ) demonstrates that the variable had a negative 
ef'fect on the regression when its influence was felt. 
4 .  All temperatures are sho:m in degrees Fahrenheit . 
5 .  Rank indicates when the variable entered the regression to assert 
its influence on yield. 
6. Under the explainable vari211ce colu..M..ri is the percentage of oat 
yield variability attrib�table to each independent variable . 
-
Six tables follow which present the output data. The tables 
correspond to the notations on each analysis given below. 
1 .  The first run related all the indepe ndent variables  except 
preseason precipitation {August to March total moisture) and ferti­
lizer application to the planted oat _acreage yie lds (Table 2 ) .  
2 .  This analysis used ident:Lcal independent f actors as before, but 
the y were correlated with harvested oat acreage yields rather than 
planted yields (Table 3 ). 
3 .  In Table 4 planted acreage yield was related to the weather 
variables, but a preseason moisture index was i ncluded. · For statis­
tical purposes  two non-significant monthly precipi tation totals from 
November and January were omitted. 
4.  For the following set . of figures in Table 5 the same group of 
independent variables are used as in  Table 4 ,  but the y  are correlated 
with harvested  acreage yields. 
5.  The fifth set of data (Table 6 )  again used  planted. acreage 
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yields. Fertilizer application was entered as an independent vari able. 
Because fertilizer data were not avai lable unti l 1950 the historical 
data base had to be reduced from 1933-1976 to 1950-1976. To offset 
this reduction in  the number of years avai lable , the number of 
independent vari ables also had to be reduced. This was accomplished by 
omitting a number of monthly factors which ha.cl shown li ttle or no 
influe nce on oat yield variance . 
6 .  In Table 7 the variables remained the same as in Table 6 but 

















MULTIPLE R3GRESSIO:I OF PLANTED ACREAGE YIELDS 
OMITTING PRES�ON PRECIPITATION' AUD FERTILIZER 
Variable 
June Days 90 Degrees or Above * 
July Average Temperature * 
Nay Days 90 Degrees or Above * 
May Minimum Temperature 
May Maximum Temperature 
July Minimmn Temperature 








MULTIPLE RE.GRESSION OF HAitV-.:i'�TED ACRSAG:3 YIELDS 
OMITTI .TG PRESEASO ·J PRECIPITATION AND FERTILI�� 
Variable Variance Effect on 
Explained Regression 
June Days 90 Degrees or Above * 35 . �i 
July Average Te��rature * 1J . o<;  
May Minimum 7emperature * 5 . 2.t 
June Maximum Tem�rature 3.� + 
July HinimtU11 Tem�rature J .  1t + 
July Days 90 :Jegrees or Above 4. � + 



















MULTIPLE REGRESSIO:{ OF PLANT� ACREAGE YIELDS 
OMITTLm NOVSMBER AND JANUARY PRECIPITATIO:l AND FERTILIZER 
Variable 
June Days 90 Degrees or Above * 
July Average Temperature * 
May Days 90 Degrees or Above * 
May Minimum Temperature 
May Maximum Temperature 
July Mininnun Temperature 








MULTIPLE REGRESSION OF HAR18STED ACREAGE YIELDS 
OMITTING NOVEMBER AJD JA�nJA.�Y PRECIPITATIO�r AND FERTILIZER 
Variable Variance Effect on 
Explained Regression 
June  Days 90 Degrees or Above * 35 . Z.4 
July Average re�pe ra�ure * 13. 0 ; 
May ¥d.nimum Temperature * 5 . c.� 
June Maximum Temperature * 3 . 8:& + 
July Minimum Temperature * J . 1% + 
J uly Days 90 vegrees or Above * 4 . 5t + 

























MULTIPLE REGRESSIO:l OF ��TED ACREAGE YIELDS 
OMITTING SOME IUSIG ITFICANT MO'lTHLY WEATHER VARIABLES 
Vari able 
June Days 90 Degrees or Above * 
Tons of Fertilize r * 
J uly Days 90 Degrees or Above 
May Minimum Temperature 
May Average Temperature 
Hay Maximum Temperature 
December Precipitation 
March Maximum Temperature 
September Precipitation 
August linimum Temperature 










MULTIPLE REGRESSION OF HARVESTED ACREAGE YIELDS 
OMITTING Sffi1E INSIGNIFICANT MONTHLY WEATHER VARIABLES 
Variable Variance Effect on 
Explained Regression 
Tons of Fertilize r * 31 . %  + 
June Days 90 Degrees or Above * 21. gt 
July Days 90 Degrees or Above 11 . 1% 
!fay !·!inimum. Ter:perature 2 . 0'%  Hay Average Tamperature 3 . };,o + 
May Ha.xi.mum Tempe rature 5 . � 
December Precipitation 2 . � + 
March Haximurn Temperature 3 .� + 
September Precinitation 2 .
i-August Minimum Temperature 3 .  I 
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The co::nplete list of the r -_ts is fou.11d in 1._ rendix 'S An 
abbreviated version of these tables is presented in this chapter 
which shows only the more important variables. 
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Drily a few of the variables entered in the regression are needed to 
explain a large :r;ercentage of the variation in oat yield. Approxirlately 
one-half to three-fourths of the variables in the study individually 
explain less tha...r1 2� of the oat yield variability, and o_ ly tFo or 
three varia les each can explain over 1 O't of the varia.rice. 
At times a variable entered later in the regression may account 
for more variance tha.ri a factor entered earlier. This is inherent in 
111ultiple regression because the influence of some particular element 
often cannot be felt until sor1e other variable or vari.ables are considered . 
Variables exert a positive or negative effect on the regression. 
This is not necessarily the ty:pe of individual effect a particular 
variable has on the yield. These can change for a s:r::ecific variable 
depending upon �hen it enters the regression. The plus or minus sign 
shmm in the tables is a measure of how that variable affects the 
regressio:i equation when entered in the analysis and correlated. with 
all the variables entered previously. 
Six dif'�erent cor1binations of data were analyzed by . ultiple 
re0ression. The raw data from the previous chapter have been correlated 
and plotted. These figures derionstrate sone relationships between 
oat yield a:.�d �he factors affecting it. In the next chapter so�e of 
these relations!li are discu .ssed . 
CHA.PI'3:1 V 
DATA EVAL1JATIO!I 
The results obtained in the preceding chapter can b e  useful in 
crop mod.eling. F.nowledge of factors which most in£luence oat yields 
and how well these and other variables can predict future yields are 
the two aspe cts of a successful crop-climate mcxiel. 
Vari able �nalvsis 
Forty one variables were tested for their effects upon oat yield . 
Only a small number of them were found to be statistically significant . 
With the inclusion of all six sets of data only eight variables at 
any time individually explained over 4�  of the yield variance, 
indicating the relative insignifica.YJ.ce of most of them. However, the 
total variance explained by all the variables involved was never less 
than 94. � and ra.YJ.ged as high as 97. 61 . Figures this high were 
unex�cted. It was felt such extraneous factors as hail, diseases, 
insects, weeds , prices , govern.niental actions a.Yld so forth wo,J.ld 
reduce accountable variance considerably. �ore exact weather indicators 
as solar radiation, soil �oisture and evapotra.YJ.spiration �rere thought 
to be needed to explain a hish P9rcentage of oat yield variability. 
Some studies discussed earlier approached these variance values , 
but none appea.:-ed to surpass them. This Fiay be partiallJ caused by 
the l�ge n�ber of weather variables used in t�is study or because of 
oats 1 susceptibility to the variables enployed whereas wheat may not be 
influenced to as gre at an extent by the se same factors. Thus it 
appears from this study that yield variability in Eas t-Central S outh 
Dakota can be predicted simply by using average monthly temperature 
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and precipitation figures and a fertilizer factor. The factors affect­
ing oat yields can be divided into general categories for discussion 
purposes as follows . 
Temperature 
One result of the regression analysis was that the influence of 
temperature was more important than .precipitation in relation to oat 
yield. If the fertilizer variable were excluded all the other statis­
tically significant variables are May, June and July monthly temperature 
figures. No  other variable explains over 4� of the variance. The 
earliest that a pre cipitation variable enters the regression is after 
six other variables have been ranked. It  accounts for only 3 .� of 
the variance . 
The most influential variable in the s tudy was the number of 
days the temperature reached or exceeded 90 degrees in June . In one 
analysis this variable explained 40.3% of the variance , and in a test 
set which included fertilizer it accounted for 21 . %  of the o at yield 
variance. In all cases it was statistically significant, and only in 
the one instance was.  it n ot the :most important variable. 
According to the oat growth calendar the critical stages of 
boot, heading and blooming all occur, on the average , in Jl.llle . In 
these stages the oat reprcxluctive sys tem is producin g a new generation 
and is  ver-J vulnerable to hig h tenperatures and a lack of moisture. 
Surprisingly , only the one June tern:perature variable had a very 
significant effect on yield . In one analysis June average max.imu.i:1 
temperature accounted for 3. 8�  of the variance and was significant 
statistically , but no other JIB1e varia les explain a larger ariount of 
variance . The nurnber of days 32 degrees or below in June explained 
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as much as 2 . 21 of the var.:..ance . In onl:.r three yea:rs of the 44 year 
pericd did a freezing temperature occur in June . Despite this , the 
variable did affect yields slightly . Any frost in June could hurt oat 
yields appreciably . 
Other monthlJr temperatur� variables also were i..rnporta.."1t factors 
in oat yields, although none of the� accounted for over 13� of the 
variance . July was found to be a warmer month than June , but because 
oats in July is usually past the critical stages where high tem:r::eratures 
would be the most destructive , its influence was not as great as that 
of June . The tables show that July average temperature explained as 
much as 13; of the oat yield varia.."1ce �hen fertilizer was not included , 
and was the second most significant variable in these data groups . 
The nUI11ber of days above 90 degrees in July and average July 
minimum temperatures also showed some relevancy to oat yield, but were 
not as importa.Y1t as the averaze tem:perature. This was not the case 
when the data involving fertilizer was used . Here the average July 
tenperature was reduced to explaining about 1 . 0-1 .5; of the variance 
and days above 90 degrees in July explained approxi.1nately 11 � of the 
variance . The addition of the fertilizer variable, the omission of a 
number of variables fro� the regression , or the shortening of the data 
base may have helped cause this reversal of significance . 
Of s ignificance to oat yields are several May temperature 
variables . No particular variable was found to cause � high pe r­
centage of oat yield variability t but t he combined total of the five 
May temperature factors explains a s ubs tantial amount of variance. 
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May temperatures can effect yields by being too warm or too cool for 
optimum oat growth. The tillering s tage occurs throughout most of 
May, and much plant growth can occur at this time. These temperatures 
help detennine when the oat head will fonn and thus play an important 
role in the plant' s developnent. 
Temperature factors from the months of March; April and Augus t 
were relatively ins ignificant. Oats is not yet planted or in too 
early a s tage to be affected greatly by March and April temperatures . 
Augus t  temperatures have little effect on oats because most of it is 
already harves ted or through developing . All three months did have one 
tempe rature variable which accounted f�� over J� of the variance. 
March and April temperatures may be influential in determining when the 
oats will be seeded and when gennination of the seeds will take 
place. The Augus t  variable's importance mey be related to harves t 
conditions . 
Precipitation 
No precipitation variable explained more than 3.2t of the oat 
yield variance. The factor which did was December pre cipitation. In 
gener�, the monthly fall preseason mois ture totals were more s ignificant 
than s pring preseason precipitation or that mois ture which fell during 
the growing season. Growing season mois ture ·was expected to be more 
influential than it was . 
b 
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The highest expl ainable v2xiances for precipitation variables for 
the growing season months were : Harch- 1 .  1;& , April- 2 . 2:�, Hay- 1 .  2.� , 
June-0 . 9-:ti, July-0 . 11 and August- 2 .  o_t . The effect of temi:erature 
greatly over-shadowed moisture . As noted earlier, sunun.er temperatures 
reflect the preceding climate conditions and precipitation does not . 
When tem}Braturcs are high , dry conditions also usually prevail . There 
is  a relationship between the two and the variances calculated may be 
somewhat misleading . 
A preseason moisture index co�bining the total moisture from 
Au.gust through March was developed. This c0:r1posite figure was expected 
to account for a reas onable amount of oat yield variance, but it did 
not prove to be significant . It explained less than 1 . 0� of the 
variance in any test of the different groups of variables . The use of 
precipitation figures in the analysis when temperatures are also 
included did not substantially improve the results, but it may accoun.t 
for s ome of the unexplained variance and thus improve the predictive 
ability of the regression moo.el . 
Fertilizer 
Total tonnage of fertilizer applied in South Dakota proved to be 
an important factor in explaining oat yield variarice .  It explained 
21. 2% of the variance in one set  of data and 31 .  � in another . In 
the second ins tance it beca,ue the most important variable affecting 
oat yields . The results indicate that fertilizer may account for 
some of the uµ-rard tre�d in oat yields in recent years . 
-
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Planted Acreage Yields vs !Ia.rvested Acreage Yields 
One objective of  this study was to deterrn.ine if significant 
differences could be found between the effects of climate and ferti­
lizer on planted acreage yields and harvested acreage yields. Sone 
differences l.Tere apparent, but whether the differences 1farrant the 
inclusion of both dependent variables in future studies of this nature 
is questionable . This lack of significant differences may be specific 
with oat yields for this test area or to one similar . In drier regions 
a larger descrepancy may exist between planted and harvested yields 
and the effects could be more significant. 
The yield differences between planted and harvested acreages 
were the greatest in the very poor crop years of 1933 , 1934 , and 1 976 . 
Because of poor weather conditions much of the oats planted was never 
harvested . For about the last ten years the yield discrepancy between 
:. " 
the two has been slightly higher than in previous years, although 
it has not approached the differences in the low yield years of the 
1930 '  s and 1976 . Des pite the high yields of recent years farmers �ay 
be more willing than in the past to cut the oats for hay or silage if 
the yields are not satisfactory. 
The yield differences between pla�ted and harvested acreages 
were usually less tha.� two bushels/acre, and reached a maximum difference 
of seven bushels/ acre in � 9J4 and 1 976. In some areas of the analysis 
effects of these differences were visible and in others they were not. 
Percentage of total variance explained by all the variables was 
essentially t�e sa�e when these L�deper.dent factors ·rere correlated "'.rith 
planted or harvested yields . 1-�ost of the variables entered the 
regression at nearly the same rank order in each case and also 
explained approximately the same amount of oat yield variance. How­
ever, this was not always the case. 
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The number of days 90 degrees or above in June, the most signifi­
cant factor, had its influence reduced by 51 when c orrelated with 
harvested acreage yields rather than planted acreage yields. It dropped 
from 40. 3% to 35. 2% when the analysis did not include fertilizer, and 
fell from 26.2i to 21. 9% when fertilizer was included. Because hot 
dry weather in June may encourage fanners not to harvest some of their 
oats the yield reducing effects of these temperatures may not be felt 
as strongly in the acres for harvest yield as in the . planted acreage 
yield. 
July temperatures were important in affecting yield, but only 
slight differences between planted and harvested. variances exist. In 
one set of data July days above 90 degrees did explain 3% more 
.,. variance ( 1 . 5� to 4. 5%) in harvested acreage than planted acreage and 
became statistically si gnificant. Late growing seas on variables may 
affect harvested yields more than planted yields because fields not 
to be harvested may already be plowed down or c ut for feed before they 
can be affected by July temperatures. According to the crop calendar, 
oats is  usually cut for hay or silage in the dough st�e occurring in 
the test area about July 1 1th. Fie lds still standing at the end of 
July usually will be harvested for grain. 
May temperatures also indicate some differences between planted 
and harvested acreage effects . The most prominent c hange occurred in 
the number o:f days 90 degrees or higher. With planted yields it 
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accounted for 6 . f f� of the variance Bnd was statistically significant , 
whereas with harvested yields it could acco mt for only o . Bs of the 
variance . Other Hay temperature variables also were rearranged so:ne­
what , but the changes were not as great. This effect may be similar to 
that caused by the June temperature variable .  Tnese heat damaged fields 
may not be harvested for grain . �·Then the i.l"'lportant influence of 
fertilizer is added, along ,dth the accompaning shortened data base , 
the influence of this May temrierature becomes minor. 
The average temperature in April showed an increase from O. % 
of the variance ex�lained with planted yield to J .41 for harvested 
yield. As often is the case with the other variables , the reasons for 
the differences are difficult to discern and often must be siITlple 
conjecture. The effect of higher tha.,i average Ap:dl temperature on 
pla..-riting and gerni..riation is generally positive if it allows for early 
germination. If such is the case this variable could have a greater 
effect on the higher yields from harvested acreages than on the lower 
pla..nted acreage yields . 
Precipitation variations between planted and harvested yields are 
mini."t'flal . Some slight rearranging of precipitation variable rankings 
occurred , but the varia..-rice explained by these _factors remained 
relatively the same . 
A large positive change in expla; nab le varian.ce (21. 2� to J 1 .  � )  
occurred for the fertilizer variable from pla..�ted to harvested acreage yields . 
A negative factor such as high te�peratures in Ju..�e, was nore influ-
ential in the lower planted acreage yields . As noted earlier fertili zer 
> -
is  applied almost immediately after the oat plants have broken the 
surface. At this time fanners will apply fertilizer if they feel 
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yield prospects are favorable. I-t is doubtful that a greater amount of 
fertiliz er has been applied to all the eventual harvested fields in 
comparison to fields that will not be harvested . Heavier .fertilizer 
application on some fields than others in any given year could partially 
explain this large variance change, but the yield depression due to 
high temperatures may be more important in  loweri ng the effects of 
fertiliz er on planted acreage yields. 
Although total variance explained and that accounted for by most 
individual factors were very similar i n  planted and harvested acreage 
data sets, some differences were obs erved .  In general, factors which 
were negatively related to yield accounted for more varianc e in the 
lower planted yields than they did in  harvested yields,  and the 
positive factors were more influential. in explaining the higher 
harvested yields than the planted yields. 
Yield Prediction 
A final step in evaluati ng the data involved usin g  the variables 
and their regression coefficients for yield prediction. Plugging 
back into the formula the data for each i ndividual year gave an 
i ndication of the quality of the predictive mo:iel .  The general 
formula or regression equation is : 
Yq= Bo
+ Bl�q 





Yq= Esti.--na.ted yield L'l year q. 
B0 • • • • • • • • • •  Bp= Regression coefficients. 
D\q • • • • • • . • •  mIXl 
= Principal variables for year q. 
An example us ing this equation is presented for the year 1943 
where pla�ted yields were correlated ,nth the independent factors 
omi tting the preseason precipitation index and fertilizer factor. 
Only the three statistically significant variable s  were used to 
estirlate the yield. 
Y ( 1943 )= 140 . 5  + ( -1 . 68 x June Days 90 Degrees or Above) + (-1 . 34 x 
July Average Temperature) + (-1 . 86 x _fay Days 90 Degrees or 
Above 
Y ( 1943 )= 140 . 5  - 1 08 . 1 
Y ( 1943 )= 32 .4  bus hels/acre 
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The actual yield fro!Tl Appznd� F was 3 1 . 3  bushels/acre. The 
calculated yield prcduced a positive bias of 1 . 1  bushels. This type 
of equation �ra.s used to predict oat yields for each of the 44 years of 
record for all six sets of data. Initially the equation was used with 
only the statistically significant variables and the calculations were 
perfomed ma'1ually ·with the aid of a calculator . Following this, the 
computer was utilized to solve equations using the complete list of 
variables. Complete results are presented in Appendix F. Listed are 
six somew}iat homot;eneous groups of years w� ere the bushels/ acre yields 
have bee�_ averabed . mhese tables a.re de signed to give a general 
indication of the predictive nature of the moo.el while avoiding the 
voluminous sets of year-to-year estin.ates. Both the entire list of 
variables and the s tatistically significa�t variables only were us ed 
















PLA.!lTED ACREAGE YIELD PREDICTIO: S 
OMITTitG PRZS:zASOJ PECIPITATIO� AND FERTILIZER 
Significant Variables All Variables 
Yield Yield 
Actual Calculated Bias Actual Calculated 
2 . 0  4.4 +2 .4  2 . 0 1 . 8 
27 . 5  32 . 2 +4. 7 27 . 5 . 26 . 5  
34 . 0  39 . 5 .+5 . 5 34 . 0  34. 2 
34. 8  37 . 4 +2 . 6  34. 8  · 35 . 5  
49 . 7  39 . 5  -1 0 . 2 49. 7 49 . 0  
22 . 0  29 . 0 +7. 0 22 . 0 23 .3 
TABLS 9 
HAJtVESTED ACREAGE YIELD PR.EDICTI01JS 
OMITTING PRESSASO�I PRECIPITATirnl AND IBRTILIZER 
Significant Variables All Var iables 
Yield Yield 
Actual Calculated Bias Actual Calculated 
8 . 2 12. 7  +4. 5  8. 2 7 . 9  
29 . 0 32 . 9 +3 . 9 29 . 0 28 . 1  
34 . 6  41 . 5 +6 . 9 34. 6  34 . 9 
35 . 7. 38 . 5  +2 . 8  35 . 7 36.4 
51 . 8  41. 2 -1 0 . 6  5 1 . 8  51 . 1  
29. 2 3 1 . 2 +2. 0  2 9 . 2 30 . 3 
49 
Bias 
-0 . 2 
-1 . 0 
+0. 2 
+o .  7 
-0 . 7  
+1 .3 
Bias 
-0 . 3  
-0. 9 
+0 .3 
+0 . 7  
-0 . 7  
+1 . 1 
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TABLE 1 0 
PLANTDD ACREAGE YIZLD PRZDICTIO: S 
OMITTING 1WVEHB:SR �m JA1 UARY PRSCIPITATIOJ A.rID FERTILIZSa 
Significant Variables All Variables 
Yield Yield 
Years Actual Calculated Bias Actual Calculated Bias 
1933-1 934 2 . 0 4 .4 +2 . 2  2 . 0 2 .4 +0.4 
1935-1940 27. 5 32 .2  +4. 7  27 . 5  26 .4 -1 . 1 
1941-194 9  34. 0 39 . 5  +5. 5 34. 0 34. 3  +0 . 3  
1950-1964 34. 8  37 .4 +2 . 6  34. 8 35.4 +0 . 8  
1965-1975 49. 7  39 . 5  -10 . 2  49 . 7  49. 0 -0. 7 
1976 22 . 0 29. 0 +7. 0 22 . 0 22 . 7  +o . 7 
TABLE 11  
HARVEST-i'� ACREAGE YIELD PREDICTIO'IS 
OMITTDIG WVEMBER A.Nu JAIJUARY PR.ECIPITATIOH Ai D FERTILIZER 
Significant Variables All Variables 
Yield Yield 
Years Actual Calculated Bias Actual Calculated Bias 
1933-1934 8 . 2  1 0 . 3  +2 . 1  8 . 2  8 . 5  +0 . 3 
1935-1 S:-'�O 29 . 0 3 0 . 0 +1 . 0  29 . 0 28 . 1 -0 . 9 
19-1-1-1949 }4 . 6  37. 0 +2.4  34. 6  35 . 0 +0 . 4  
1950-1964 35 . 7  38 . 0 +2 . 3 35. 7 36 . 3  +o . 6  
1 965-1 975 51 . 8  4J . 6  -8 . 2  51 . 8  51 . 1  -0 . 7  
1 976 29. 2 34.3 +5. 1  29. 2 29. 8 +0 . 6  
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TABIZ 12 
PLA!ITSD ACREAGE YI:2LD �ICTIOJS 
OMITTE'l� SOME TIISIG1 TIFICA:JT HO!ITHLY ·TEA TJIBR VARIABLES 
Significant Variables A ll Variables 
Yield YieJd 
Y ears Actual Calculated Bias Actual C alculated Bias 
1950-1964 34 . 8 35 . 9  +1 . 1  34. 8  34. 8  
1965-1975 49 . 7 46 . 1 -3 . 6  49 . 7 49 . 5 -0 . 2 
1976 22 . 0  42 . 7  +20 . 7  22 . 0  24 . 6  +2. 6  
' )  
., TABLE 13 
HARVESTJi'...D ACREAGE: YIELD PREDICTIO rs 
Oi-ITTTTI
,.
G s0:-2 r.SIG: .IFICA]T �OJTHLY �-BATIBR VA..'FITA3IES 
Significant Variables All Variables 
Yield Yield 
Years Actual Calculated Sias Actual Calculated Bias 
1950-1964 35 . 7 36 . 8  +1 . 1  35 . 7  35 . 7  
1 965-1975 51 . 8 48 . 6  -3 . 2 5 1 . 8  51 . 6  -0. 2 
1976 29 . 2  47 . 0  +17 . 8 29 . 2  31 . 3 +2 . 1  
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Prediction from Statistically Significant Variables 
The number of factors determined to be statistically significant 
varied with the data set used , and caus ed variati ons in the predictive 
ability of the regression equations . In the 1 933-1934 grouping which 
was explored separately because of the extremely low yield, the 
prediction eq uations did surprisingly well. The calculated yields were 
approximately two to four bushels/ acre higher than the actual yields. 
For the two groups 1�5-1940 and 1941-1949 the regression 
equations predicted the yields from . these groups with a relatively 
equal degree of accuracy for both of them. The data set involving 
harvested yields with the omission of November and J anuary precipita­
tion and fertilizer indicated better predictive results than the 
others. This was caused primarily by the addition of three factors 
to statistical significance brought about by a reduction in  variable 
numbe rs for the data set. For these time pe riods the discrepancy 
betwe en actual and calculated yields vari ed considerably, with the 
calculated yield nearly always higher tha.ri the actual yield. In a 
number of years the calculated yield was over ten bushels/ acre higher 
than the actual, while for others the bias was less than one bushel/acre. 
I n  the next pericxi , 1950-1 964, the total bias again remained 
positive but was reduced somewhat from the two preceding pe riods. The 
early 50 ' s  included some years which still had fairly large positive 
bias es. This trend began to reverse itself betwe en 1960 and 1965 as 
.fertiliz er was more extensively us ed.  During this time the fertilizer 
data sets were introduc ed .  Ti th fertiliz er added the gap between 
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actual and calculated yield was les s than when fertilizer was not in 
the data. An average error of only 1. 1 bushels/  acre was found when 
fertilizer was in the regression •compared to an average of 2. 6 
bushels/acre when it was not. Many of the yearly residuals were higher 
than the final average indicated. As the period advanced the bias 
turned from positive to negative and the two partially cancelled each 
other out. 
Developnents from 1965 to 1975 demonstrated the effects of 
substantial increases in fertilizer application and the corresponding 
yield increases. Large negative biases of between 8. 2 and 10. 6 
bushels /acre were found where fertilizer was not a factor in the data. 
With fertilizer the actual yields renained above the calculated yields 
but only by an average of 3.4 bushels /acre , although in some years the 
actual yield was considerably higher than the calculated yield. 
Including only significant variables tne equation could . not predict 
recent yields with any success unle?s the fertilizer factor was added. 
This apr:ears to be an indication of technological advances causing 
i..�creased yields. 
The last year , 1976, was figured alone because of its poor yield . 
Data groups with the longer historical weat�er and yield base pre1icted 
reasonably well , but were two to seven bushels/acre higher than the 
actual yield. ':':-ie fertilizer related groups did not fare nearly as 
well. A yield o:f t9. 5 bushels/acre l;reater than the actual yield was 
predicted. 1 ith the short data base which included no extrame years 
such as the JO ' s , and only t�o significant variables, the equation could 
ot predict the p:>or yield. 
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When clas ses of years are combined the statistically significant 
vari ables are fairly accurate i n  predicting oat yield. The largest 
errors occurred whe re the non-fertilizer data groups attempted to 
predict recent yields . Estimation accuracy was als o  poor when the 
fertilizer sets tried to predict a poor yield year where fertilizer 
affected yields less than the weather factors . 
Accuracy for individual years is uncertai..'l when us ing data only 
from statistically s ignificant factors. Although extraneous factors 
such as hail, insects , diseases or others may cause the poor yield 
estimations for some years, the maj or causes are still related to the 
weather variables or the absence of fertilizer data • . This is evident 
from the low bias results obtained when all variables are used. Some 
s tages of oat growth are always very important ( such as heading)  but 
they occur on different dates on different years because the planting 
date varies as does the rate of growth. · Thus , in unusual crop years 
monthly variables not normally affecting oats significantly � do so. 
If these factors are n ot statistically significant their effects will 
be excluded from the prediction and a large yield bias may result. For 
example, in 1968 all six test sets predicted a yield at leas t 14 
bushels/acre l(Y,,rer than the actual yield. The actual yield was the 
highest recorded for the 44 year pericxi (57 . 9 bushels/acre for 
harve sted acreage yield ) yet it had an above average number of days 
90 degrees or higher in June. This fact should have reduced its yield 
considerably. It � be an instance, along with many others , where 
other factors modilied the variable or the oats ,-ras planted early or 
late and was not in critical deve lopnent when the hot weather struck. 
The nee d for crop growth moo.els again becomes appa.rant, especiall y  
when only a small number of variables are us ed t o  predict the yield. 
In this case,  use of the full list of variables reduced the error of 
estimation to an average of less than one bus hel per acre. 
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A small bias resulting from ave.raging high and low res iduals over 
a number of years is not a des ire d  prediction criterion . For future 
prediction models an accurate year-to-year regress ion equation is 
needed if' it is to be useful. Dep:mding upon the accuracy required , 
the us e  of only the statistically s ignificant variables would produce 
only a mcderately successful prediction equation . 
Prediction from all Independent Variables 
When all the factors in each regres sion data s et are used in a 
prediction equation the res iduals become quite small. The equations 
predicted the six group:; of years in the tables very accurately. The 
largest bias was the 1976 prediction where the calculated yield was 
2. 6 bushels/ acre higher than the actual yield. In most instances it 
was less than a bus hel/acre from the actual yie ld .  
With individual years the complete - s et  o f  factors c an  predict 
e ach one in the 44 year bas e to within 5. 6  bushels/ ac re ,  regardless of 
which of the six regression equations is used. On only four occasions 
was an individual year calculated to be more than 4. 0 bushels/ acre from 
its actual yie ld. Usually it was less than J.O bus hels/ acre in e rror. 
The high percentage of oat yield variance accounted for by the 
total s ets of variables was demonstrated earlier . ..,rom this res ult 
-- - - -
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accurate estimates of yield were expected. It was not known however 
how accurate the yields for individual years would be • .  Although 
fertilizer application has be en shown to be an important variable in 
oat yield prediction, it was not used in a numbe r of the data s ets and 
the yield c ould still be predicted accurately. Calculated yields for 
recent years we re as clos e  to the actual yields when fertilizer was not 
a variable as when it was. It was thought that this technology trend 
factor would be neces sary to predict recent oat yields accurately but 
it was not the case when enough monthly weather variables were added 
to the regress ion equation. The implications of this may extend to 
other important variables as well. If enough yield-related variables 
are included in an analysis no one factor may be essential to  the 
regress ion despite be ing able to explain much of the yield variance. 
Other factors may " pick up" its lost variance. 
As noted before, using a large n·u:nber of variables may help to 
explain yields in abnormal years when the important variables are n ot 
as influential. Additional variables help to  reduce the yield bias even 
though their individual percentage of explainable variance may be 
rather small. 
Us ing  the entire group of variables regardless of how ins ignifi­
cant they appear may in a s ens e be ignoring the statistics involved. 
However, in addition to  statistical s ignificance there is practical 
significance and the two are not always identical.  If  prediction 
results such as thes e obtained here continue to  be derived from the us e of 
a large number of variables , then its c ontinued use is j ustified. 
The cos t  or difficulty of working with large numbers of variables is 
-t 
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not the limiting factor it once was. Computers c an  easily and cheaply 
handle s uch data as used in this study . 
Planted Acreage Yields vs Harves ted Acreage Yields 
Yield predictions from planted acreage yields and harves ted 
acreage yields show no important differences . Us ing the statistically 
s ignificant variables only does not result in any major differences . 
Both types of yields have the same bias signs ( + or - ) for equivalent 
years . The individual yearly yields which are predicted accurately or 
poorly are predicted in s uch a fas hion and degree by both planted and 
harvested yield equations . Greater differences were found between 
fertilizer and non-fertilizer sets of data regardless of the planted 
or harvested yield nature of the analys is . 
When all the vari ables are employed the bias between actual a.rid 
calculated yields for planted and harves_ted acreages were very s imilar. 
Thus , no advantage is g ained by us in� one type of yield ove r the other 
as both predict a�proximately the same in relation to their actual 
yield figures . 
CHAPI'ER VI 
CONCLUSIONS A.ND RECOMMENDATIONS 
The need  for timely and accurate crop yield precictions is 
apparent if the economic, social and political implications of focxi 
production are realized. A methcxi employed  to gain this objective is 
the deve lopnent of crop-climate models using computer aided multiple 
regression analysis. 
In Eas t-Central South Dakota a study was undertaken to relate 
oat yields to a number of monthly temperature and precipitation 
variables and a fertilizer application factor. The model developed 
for oat yield prediction in this area appears to be a useful one .  
A mnnber of important results were derived from the study. 
1 .  Approximately 94,;i to 9rt of the oat yield variability 
was explaine d  by the use of these factors . These. high percen­
tages allowed the regression equation to predict within 5 . 6  
bus hels/acre of the actual yield for any individual year from 
the 44 year total. The majority of the time the bias was o nly 
half this large. 
2 .  Late spring and early summer temJ:erature s, which coincide 
with the cri ti_cal periods of oat growth, were found to be the 
most significant factors affecting oat yields . Of particular 
importance were e xtremely warm temperatures , such as those 90 
de grees Fahrenhe it. The number of days 90 degrees or above in 
June was t �e nos t influential factor in t�e study. 
3 .  The amount of fertilizer applied also had a significant 
influence on oat yield, e specially in recent years . It was 
found to give some indication of increas ing crop yields due to 
technological advances. However, its use to explain recent 
yields was not e ssential. When the entire group of variables 
was used, the recent yields were predicte d  about as ·accurately 
with or without the inclusion of the fertilize r  variable . 
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4. No monthly precipitation factors were found to be very 
influential in explaining or predicting oat yiel<l.s . The effect 
of the composite presea.s on moisture index was also negligible. 
However the contribution of precipitation may have been reflected  
in or overshadowed by the temperature factors. 
5 .  The difference in total explainable variance and yield 
predi ctability between planted and harvested acreage yield sets 
was not particularily s ignificant: although a few individual 
variables did demonstrate appreciable changes  in the percentage 
of variance explained. Therefore,  in most case s  the use of 
harvested acreage yie lds alone may be sufficient for crop­
climate models. 
6 .  When only the few statisticall y significant variables are 
employed to predict yield , the values calculated are comparable 
to the actual yields in most cases , but may vary from the 
actual yi elds by a considerable margin i n  any particular year. 
Using the entire list of independent variables reduced the bias 
to a low level for all years . 
7 .  Extraneous factors such as hail, insects , diseases and so 
on did not appear to affect the yields significantly, at least 
not at the scale of the test area . 
Prediction of oat yields in the test area can be perfonned 
using the variables developed in this study along with the regression 
coefficients calculated from the analysis . Additional work of this 
nature is reconnnended to help improve crop-climate modeling. 
1 . It would be beneficial to undertake other studies . with oats 
and similar independent variables in other test regions. This 
would help to verify or dispute the results obtained here. It 
would increase the network of studies to detennine whether the 
model could be expanded to other geographic areas without first 
gathering the historical data and doing the entire regression 
analysis for each of the areas tested. 
2. Data fro:n this study could be manipulated in a number of 
weys to better determine the significance of the various 
factors . For example � the precipitation variables alone may be 
correlated with the yields to find how much variance they can 
explain without the presence of temperature  or fertilizer. 
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3. Selectively exch:.ding the factors from late gr().,ring season 
months such as August may help determine how early an accurate 
yield £'ore cast can be rr.ade 1 �Yld what a! :i how �a.."ly variables are 
actually needed to get an acceptable level of prediction accuracy. 
4. If computer assistance is available it may be more beneficial 
to calculate the yield using the entire set of variables rather 
tha.1'1 sir:iply the statistically significant variables because 
accou.�table variru1ce increases a.�d yield error decreases . 
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5 . If !)C)Ssible, s orr.e means of assessing current year crop 
growth should be included in future yield predictions to better 
understc:md the relationships between crops and weather and to 
determine when the current crop will be most affected b-J weather . 
6 .  More exact indicators of clirtatic conditions should be 
employed if such data are available. Soil moisture , soil tempera­
ture, evaporation rates, solar radiation and other factors ma:y 
be helpful in determining how influential moisture, heat , and 
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OAT PR.OI;)UCTIO�! FIGlB.ES FOR EAST-CElJTRAL SOUTH DAKOTA 
Oat production data were combined from the counties of Brookings, 
Deuel , Hamlin, Kingsbury, Lake and Moody and are presented in the table 
below. 
Year Acres Yield Acres Yield Production 
Planted Bu. /Planted Ha..ryested Bu. /Harvested _ in Bu. 
( Thousands ) Acre (Thousands) Acre ( Tho,.1s ands ) 
1933 436 2 . 8 156 -7 . 9 1 , 232 
1934 404- 1 . 2 56 8 . 5  473 
1935 443 32 . 8 425 34 . 2 14, 537 
1936 399 14 . 3 324 17 . 6 5 , 708 
1937 394 22 . 3  367 23 . 9  8, 792 
1938 398 3 0 . 3  381 3 1 . 6 12 , 057 
1939 409 32 . 6  . 398 33 . 5  13 , 328 
1940 468 32 . 7 462 33 . 1  15 , 294 
1 941 496 23. 9 479 24 . 8 1 1 , 849 
1942 447 35 . 8 434 36 . 9  16 , 013 
1943 435 3 1 . 3  422 32 . 3  13 . 626 
1944 525 33 . 9  513 34. 7 1 7 , ?92 
1945 625 47 . 2 620 47. 6 29 ,536 
1946 636 28.4 625 29 . 1 18 , 051  
1947 534 35. 5 . 526 36 . o  18 , 943 
1948 51 1  41 . 3  507 41 . 7  2 1 , 134 
1949 532 28 . 1 522 28 . 6 14 , 933 
1950  579 30 . 2 568 3 0 . 8. 1 7 , 506 
195 1  53 0 38 . 6  5 16 39 . 6 2 0,440 
1952 614 33 . 2 606 33 . 6 2 0 ,378 
1953 612 28. 3  601 28 . 8 1 7, 3 17 
1954 622 28. 7 614 29 . 1 1 7 , 869 
1955 572 32 . 0  569 J2 . 2  1 8, J 02 
1956 4� 26 . J  453 28 . 7 12 , 990 
1 957  449 37 . 2 443 37 . 7  1 6 , 694 
1 95 3  447 45 . 7 438 46 . 6 - 2 0 ,43 6 
1959 416 24 . 2 390 25 . 8 1 0, 071 
1960 401 45 . 2 396 45 . 8  18 , 151 
1 961 401 46 . 3 395 47 . 0 1 8, 558 
1 962 383 38 . 1  375 39 . 0 14, 607 
1963 375 35 . 5  357 37. 2 13 , 3 06 
1 964 361 J2 . 2 352 33 . 0 1 1 , 5 93 
1 965 335 55 . J 33 1 56 . 2 1 2 , 15 12  
1 966 J41-1- 38 .4 331 39 . 9 13 , 1 85 
-
AP�DIX A 
Year Acres Yield Acres �ield Production 
Planted Bu. /Planted Harvested Bu. /Harvested in Bu. 
(Thousands ) Acre ( Thousands ) Acre ( Thousands ) 
1967 367 50.5 351 52 . 9 18, 560 
1968 389 55. 8  375 57 . 9  21, 688 
1969 395 51 . 0 372 54.2 20, 139 
1970 365 46.6 354 48.1 17, 035 
1971 358 53 . 2  347 55.0  19, 067 
1972 288 45 . 4 272 48.o 13, 066 
1973 335 52. 5 318 55 . 2 1 7 , 573 
1974 326 47. 0 313 49 . 0 15 , 337 
1975 346 51 . 3  331 53 . 6  17 , 742 
1976 364 22. 0 275 29 . 2  8 , 020 
1933-1966 Source : South Dakota , Crop and Livestock Reporting Service, 
Countv A�riculture, (Brookin�s , Deuel , Har1li� , 
Kirn�sbu..ry, Lake and :i focdy ) , (Sioux Falls, South 
Dakota , 1967-1968 ), p. 44 .  
1961-1975 Source : South Dakota , Crop and Livestock Reporting Service , 
South Dakota Agriculture , ( 1961 -1975 ) , (Sioux Falls, 
South Dakota, 1961-1 975 ) , pp . 15, 17-19 ,  35. 
1976 Source : South Dakota, StaJ..istical Reporting Service, "Oats , 
South Vakota , 1976 � 11 A county arid district yield data 
sheet obtained on a personal visit to · the South 
Dakota Statistical �eporting Service in Sioux Falls , 
South Dakota in £1 ovember , 1977. 
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APPENDIX B 
MONTHLY PRECIPITATION AND TEMPERATURE VARIABLES 
The climatic factors used i.."1 the study are presented in this 
append.ix. Precipitation totals are given to the tenth of an inch, 
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a.Yld temperatures are shown to the nearest degree Fahrenheit. Data 
concerning the number of d.ccy-s above 90 degrees or below 32 degrees are 
rounded to the neare st number of days. Figures presented concerning the 
tempe rature variables are shown with a decimal point and a zero following 
its result. These were added only to allow for easier reading of the 
data a?1d are not to be construed as being exact decimal equivalents. 
On the first page of data the variable names are given in full 
but are abbreviated on following pages. The sources for the figures 
are given below. 
1932 -1940 Source: United States, Department of Agriculture, Clinato­
logica.l Data , South Dakota Annual and Month.1y 
Summaries , Vols . Y+-45 , August, 1932 to June, 194-0.  
1�0-1976 Source: United States, Depa..-rtment of Commerce , Cl:Lrnato­
logical Data , South Dakota Annual and Aonthly 
Summaries , Vols. 45-81 , . J al"luary , 1940 to August , 1 976 . 
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APPENDIX B- (Cont . ) 
Variable Year 
1936 1937 1938 1939 1940 1941 
Jan. Pree . 0 . 7  0 . 8  o . 6  1 . 3 0 . 1  0 .7 
Feb . Pree .  1 . 2 0 . 3 o . 6 o . a o . 6  o .4  
Harch Pree . 1 . 0 2 . 0 1 . 4 0 . 3  2 . 7  o .4  
April Pree . 1 . 5 4 . 3  1 . 8  1 . 5 1 . 7  5 . 3 
Hay Pree . 3 . 2 1 . 7 4 . 1 2 . 9  o . 6 1 . 5 
June Pree . 2 . 3  3 . 6  4 . 0 4 . 9 4 . 5  3 . 6  
JuJ.y Pree .  0 . 3  1 . 0 1 . 6  3 . 1 1 .4 1 . 8  
Aug . Pre e .  4 . 0 2 . 9  2 . 1  2 . 8  4 . 6  1 . 8 
Sept . Pree .  1. 0 1 .4 2 . 6  0 . 9  o .4  2 . 1  
Oct . Pre e .  o .4 . 0 . 9  0 . 3  1 . 3 1 . 1  3 . 0 
Hov . Pree . o . a  0 . 3  o . 6 o . o 1 . 5  0 . 2  
Dec .  Pree .  o . 6 0 . 9 .  0 . 4  0 .1 o . 6 0 . 5  
Preseason Pree .  8 . 5  9 . 9 8 . 9 8 .4  8 . 5  9 . 8 
March Hax . Tenp. 40 . 0 36 . 0  45 . 0  43 . 0 33 . 0 38. O 
Harch Avg . Te!'lp. 31 . 0 28 . 0 35 . 0 31 . 0 26 . 0 29 . 0 
March Ain . Temp. 21 . 0 19 . 0 24 . 0 19 . 0 1 9 . 0 22 . 0 
March 32 - 27 . 0 JO .  0 23 . 0  27 . 0  31 . 0 30 . 0 
April lfa.x . Temp. 54 . 0  50 . 0 59 . 0 58. 0 53 . 0 58 .  O 
April Avg . Temp. 40 . 0 . 42 . 0 47. 0 45 . 0 43 . 0 49 . 0 
April Hin . Temp. 27 . 0 32 . 0  35 . 0 31 . 0 32 . 0 40 . 0 
April 32 - 17 . 0 12 . 0  13 . 0 17. 0 14 . 0  7 . 0 
Hay Hax . Temp. 75 . 0 71 . 0 65 . 0  78 . 0 70 . 0 75 . O 
May Avg . Temp. 63 . 0 59 . 0 55 . 0 64. o 57. 0 63 . 0 
Hay Hin . Temp. 50 . 0 48. 0 45 . 0 49. 0 42 . 0 49. 0 
May 32 - 1 . 0  1 . 0  1 . 0  2 . 0 4 . 0 1 . 0  
May 90 + 1 . 0 1 . 0  o . o 3 . 0  o . o 1 . 0  
June Max . Temp. 81 . 0  76 . o 80 . 0 79 . 0 79 . 0 78 . 0  
June Avg . ':1e�p. 67 . 0  65 . o 67 . 0  68 . 0 67 . 0  67 . 0  
June Hin . Te:rip. .54. 0 53 . 0 54 . 0 56 . o  54 . 0 55 . 0  
June 32 - o . o o . o o . o o . o o . o o . o 
June 90 + 6 . o 2 . 0  3 . 0 2 . 0  4 . 0 4 . 0 
Ju]y lfax . Temp. 98 . 0  90 . 0 87 . 0 88 . 0 89 . 0 87. 0 
July Avg . Te:'!p. 82 .  0 75 . 0 74 . O 75 . 0 76 . 0  74 . 0  
July �-�in ' Terip. 65 . 0 60 . 0  60 . 0 63 . o 61 . 0 61 . 0 
July 90 + 27 . 0 18 . 0  8 . 0 13 . 0  15 . 0  13 . 0  
Aug . fax. Ter.1p. 89 . 0  90 . 0 90 . 0 84. o 81 . 0  87 . 0 
A_,_i; . ;._ 1-:, . ':'s:-:p . 75 . 0 76 . 0 75 . O 71 . 0  63 . 0 73 . O 
Aug . Hin. Tenp. 61 . 0  64. o 59. 0 58 . 0 57 . 0 60 . 0  
Aug . 90 + 1 6 . 0 20 . 0 1 7 . 0 8 . 0 4 . 0 14 . 0  
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Variable Year 
1942 1943 1944 1945 19'+6 194? 
Jan . Pree .  0 . 1  0 . 7  1 . 1  0 . 5  0 . 2  o . 6 
Feb . Pree .  0 . 2  0 . 9  o . 8  0 . 9 1 . 0 0 . 3  
March Pree .  2 . 8 1 . 2  0 . 7  1 . 1 2 . 5  0 . 8  
April Pree .  2 .4 o . 6  2 . 6  1 . 7  0 . 7  4 . 0 
Hay Pree .  8 .4 2 . 8  4 . o 3 . 9  2 . 6  1 . 6  
June Pree . 4 . 0 5 .4 4 . 3  6 .4 6 . o 5 . 8 
July Pre e .  4 . 0  3 . 8  3 . 5  3 . 1  3 . 6  o . 8  
Aug . Pree .  2 .4 4 . 9  6 . 8  1 . 5 1 . 0 1 . 9  
Sept .  Pre e .  3 .4 1 . 5 1 . 9  1 . 9  5 .4 3 . 1  
Oct . Pree .  0 . 7  3 . 1  0 .4  0 . 5  4 . 8  2 . 3  
Nov .  Pre e .  0 . 1  o . 8  1 . 6 O . ? 1 .4  3 . 1  
Dec .  Pree .  o .4 o . o o . o 1 .2 0 .4  0 . 2  
Preseason Pre e .  1 0 . ? 9 . 8 12 . 8  13 . 1  9 .4 14 . 6  
March Max . Temp. 43 . 0 37 . 0 33 . 0 51 . 0 51 . 0 37 . 0 
March Avg . Temp. 34 . 0 25 . 0 24 . 0  39 . 0 41 . 0 29 . 0  
March Min . Temp. 25 . 0 13 . 0 16 . 0 26 . 0 29 .0  18 . 0 
March 32 - 28 . 0 27 . 0 31 . 0 19 . 0 15 . 0 30 . 0  
April Max . Temp . 65 . 0 61 . 0 51 . 0  55 . 0 66 . o  51 . 0  
April Avg . Terrip . 51 . 0  47 . 0  41 . 0  43 . 0  52 . 0 41 . 0 
April Hin . Temp. 36. 0 32 . 0 3 0 . 0  29 . 0  37 . 0 32 . 0 
April 32 - 1L O 16 . 0 15 . 0 1 8 . 0 9 . 0 17 . 0  
May Hax . Temp. 63 . 0 66 . 0 72. O 65 . 0 67 . 0 66 . o  
May Avg . Temp. 53 . 0 54 . 0 . : 61 . O 52 . 0 54 . 0 53 . 0  
Hay Hin . Temp. 43 . 0 40 . 0 49. 0  38 . 0 41 . 0  39 . 0 
May 32 - 3 . 0 6 . 0 3 . 0 8 . 0 6 . 0 6 . o 
May 90 + o . o 1 . 0 o . o o . o o . o  o . o 
June !fax . Temp. 75 . 0 78. 0 79 . 0 70 . 0 81 . 0 74 . 0 
June Avg . Temp . 65 . 0 67 . 0  67 . 0  60 . 0 67 . 0 63 . 0  
June Hin . Temp. 54. 0 56 . 0 55 . 0 · 50 . 0 54 . o  52 . 0 
June 32 - o . o o . o o . o 1 . 0 1 . 0 o . o 
June 90 + o . o 5 . 0 3 . 0 o . o 4 . 0  1 . 0  
Ju.Jy Ha.x. Temp. 82 . 0 85 . 0 82 . 0 82 . 0 85 .0  84 . 0  
July Avg . Temp. 71 . 0 73 . 0 70 . 0 70 ; 0 72 . 0 71 . 0  
July r�in . Tenp. 57 . 0 59 . 0 56 . 0 57 . 0 59 . 0 57 . 0 
July 90 + 5 . 0 7 ."0 4 . 0 5 . 0 8 . 0 6 . 0 
Aug . !fax . Temp. 82 . 0 82 . 0 77 . 0 82 . 0 81 . 0 90 . 0 
Aug . Avg . 7e:---.p. 70 . 0  71 . 0  63 . 0 70 . 0 67 . 0 77 . 0 
Aug . ., � - Temp . 57 . 0 58. 0  56 . o 57 . 0 53 . 0 63 . 0  .•...J.Il . 
Aug . 90 + 4 . 0  4 . 0 4 . 0  5 . 0  5 . 0 19 . 0  
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Variable Year 
1948 1949 1950 1951  1952 1953 
Jan. Pree. 0.1 0.8 o. 6 o. 4 1 . 3  0. 7  
Feb. Pree. 1 . 5  o. o 0. 2  o. 6 1 . 1 1 . 4 
March Pree. o. 4 2. 0  t. 6 2.4 1 . 2  1 . 1 
April Pree. J.4  0. 5 1. 9 1 .8  0. 9 4.4 
May Pree. 2. 2 2.4 4. 6  3. 9 1 .8  3 . 7  
June Pree. 5 . 5  2. 2  1. 3 6. 1 5. 4 5. 3 
July Pree. 5 . 2  3 .4  2. 7  3. 4 1 . 9 3 . 3  
Aug. Pree. 2. 3 1 . 0 1 . 4 5. 6 2 . 2  2. 2 
Sept. Pree. 2 . 6 3. 3 3. 5 1 . 6  0 . ? o.8 
Oct. Pree. 1 . 6 . 1 . 9  2. 6  1 . 6 o. o o. 6 
Nov. Pree. 1. 1 0. 9 0. 7  o.4 0. 7 1. 1 
Dec. Pree. 0.1 0 . ? 0. 4 1 . 5  0. 3 1. 1 
Preseason Pree. 12. 6 10.3  1 0 . 1  1 1 . 8 14. 3 7. 1 
March Hax. Temp. 38. 0 40. 0 35. 0 3 0. 0  31 . 0 41. 0 , _.  
March Avg. Temp. 27. 0 31. 0 25. 0 20. 9  24 . 0 31. 0 
March Hin. Temp. 15. 0 21 . 0  15. 0 1 0. 0 16. 0 21. 0 
Marer.. 32 - 27. 0 31 . 0 3 0. 0 31 . 0 31 . 0 27. 0 
April I!.a.x. Temp. 63. 0 62. 0 47. 0 51 . 0 60. 0 50. 0 
April Avg. Temp. 50. 0  47. 0 37. 0 41 . 0 47. 0 40. 0 
April Hin. Temp. 37. 0 32. 0  27. 0 31 . 0 35. 0 29. 0 
April 32 - 8. 0 15. 0 25. 0 23. 0 15. 0 20 . 0 
May Max . Temp. 69. 0 75. 0 66. 0 70. 0 70. 0 68. 0 
Hay Avg. Temp. 57. 0 61. 0 54. 0 58. 0 57. 0 56. o 
May Hin. Temp. 44. 0 47. 0 42. 0 46. 0 44. 0 44. 0 
-I· May 32 - 1 . 0  1 . 0 3 . 0 1 . 0 2 . 0  4. 0 
May 90 + 1 . 0 2. 0 1 . 0 o. o 1 . 0 1. 0 
June Hax. Temp. 75. 0 82. 0 80. 0  73. O 82. 0 81 . 0 
June Avg. Temp. 64. 0 69. 0 67. 0 62 . 0  ?O . O  69 . 0  
June Ein. Temp. 51. 0 55. 0 53. 0 5 0. 0 57. 0 57. 0 
June 32 - o. o o. o o. o o. o o. o o. o 
June 90 + o. o 5. 0 5. 0 o. o 6. o 6. o 
July Max. Temp. 85. 0 88. 0 81 . 0  81 . 0 86. o 84. o 
Jul._r Avg. Te::i?. 72. 0 75. 0 68. 0 69 . 0 73 . O 71 . 0 
July 1/in . Tenp. 56. 0 61. 0 55. 0 58. 0 .59. O 58 . 0 
July 90 + 11 . 0 9. 0 1 . 0 4. 0 8. 0 5. 0 
Aug . 2-:ax . Te!'lp . 84. 0 87. 0 80. 0 79. 0 83. O 84. 0 
� . , r Av?:, . �·e71p • 72 . O 72. O 67 . 0  63 . 0 70 . 0 72 . .n. ---.::, . 
Aug . 1-:in. r.iemp . 59. 0 58. 0 54. 0 57. 0 56. 0 59. 0  
Aug . 90 + 6. 0 12 . 0 3 . 0 1 . 0 4. 0 6. 0 
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Variable Year 
1954 1955 1 956 1 957 1958 1959 
Jan. Pree. 0. 2 0. 2  o. 6 0. 2 0. 1 0. 3  
Feb. Pree. o. 8 1 . 0 0. 2  o. 6 0. 7  o. 6 
March Pree. 1 . 7 0. 3  1 . 2 0. 8  o. 6 0 . 1  
April Pree. 1 . 9  2 . 3  1. 9 1 . 9 2 . 2  0. 5  
May Pree. 3 . 1 1 . 3  2 . J 5 . 3  1. 5 4. 8 
June Pree. J. 8  4. 0 4. 7 5 . 4 J. 5  1 . 8  
July Pree. 1. 7 3. 8 5 . 5  1 . 6 3 . 0 2 . 1 
Aug . Pree. 2. 7 2. 9 4. 7 J . 2 1 . 8 J . 9  
Sept. Pree. 3. 5 1. 1 0. 9  2 . 8 1 . 6  1 . 8  
Oct. Pree. 1 . 6  O. J 1 .4  2 . 0 0. 3  2. 3 
Nov. Pree. o.4 O. J 1. 0 1_. 2 1 . 6  1 . 0 
Dec.  Pree. 0. 1  1 . 3  0. 2  0 . 5 0. 3  0. 9 
Preseason Pree.  8. 3 9. 7 7. 8 9. 8 1 1. 0 6. 6 
March Hax. Temp. 36. 0 41 . 0 3 7. 0 41 . 0 3 7 . 0 46. o 
March Avg. Temp. 27. 0 28. 0 26. 0 JO. O 29. 0 35 . 0 
March Hin. Temp. 17. 0 16. 0 15. 0 1 9. 0 21 . 0 23 . O 
March 32 - 29. 0 28. 0 30 . 0 JO. 0 29 .  0 29 . 0 
April !.fax. Temp. 62 . 0 69. 0 54. 0 57. 0 58. 0 61 . 0 
April Avg. Temp. 47. 0 .54. 0 40. 0  44. 0 46. o 46. o 
April .lin. Temp. 33. 0 · 39. 0 27. 0 3 1 . 0 33 . 0 31 . 0 
April 32 - 13. O 6. 0 25 . 0 16. 0 15. 0 18. 0 
May l fax. Temp. 66. 0 77. 0 71 . 0 66. o 77. 0 70. 0 
Hay Avg. Temp. 52 . 0 62. 0 58. 0 55. 0 61. 0 58. 0 
f.lay Hin. Temp. 39. 0 47. 0 45. 0 44. 0 45. 0 45. 0 
Hay 32 - 11. 0  1 . 0 2 . 0 2 . 0 3 . 0 1 . 0 
May 90 + o. o 1 . 0 o . o 0. 0 1 . 0 2. 0 
June hax:. Temp. 79. 0 77. 0 86. 0 77. 0 75 . 0 84-. 0 
Ju.ne Av'?,. Temp. 67. 0 65 . 0 73. O 65. 0 62. 0  70 . 0  
June 1{in. Temp. 56. 0 53 . 0 59. 0 52 . 0 5 0. O 5 7. 0 
June J2 - o. o o. o o. o o. o o. o o. o 
June 90 + 3. 0 1 . 0 1 0. 0 o. o 3 . 0 9. 0 
July Max. Temp. 88 . 0 90. 0 82. 0 88. 0 81 . 0 87. 0 
July Avg. Temp. 75. 0 77. 0 69. 0 76. 0 68. 0 72. 0 
July :-'in. 7e:np. 61 . 0 64. O 56. o 64 . o 56 . o 57. 0 
July 90 + 12. 0 21 . 0 1 . 0 12 . 0 2 . 0 12. 0 
A� . 1�. Tenp. 83. 0 89. 0 82. 0 82 . 0  88. 0 88. 0 
Aug. A. ;;, _ e:'.'1.p . 70 . 0 75 . 0 69 . 0 70 . 0 72 . 0  7u . o  ;> .  
Aug. Ain . TeMp. 57. 0 61 . 0  56. 0 58. 0 56 . o 61 . 0  
Aug . 90 + 2. 0 14. 0 2 . 0 6 . o 17. 0 13 . 0 
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Variable Year 
1960 1961 1 962 1963 1964 1965 
Jan . Pree .  0 . 5  0 . 2 0 . 3  0 . 7 0 . 1 0 . 3  
Feb. Pree . 0.2 0 . 5  1 . 5  0 . 4  0 . 2  0 . 7  
March Pree . 1 . 1 o. 6 1 . 1  1 . 4 1 . 8  1 . 7 
April Pre e .  2 . 6  1 . 2  2 . 0 2 . 8 2 . 6  3 . 2 
Hay Pree . 3 . 6  4 . 9 5 . 5  2 . 0  1 . 9 5 . 7 
June Pree . 4 . 5  4 . 5  4 . 5  3 . 7  2 . 8  5 . 0 
July Pree . 1 . 1  2 . 3  7 . 2 9 . 0 3 . 0 1 . 5 
Aug . Pree . 6 . 9 2 . 7  1 . 7 1 . 1 4. 0 1 . 6  
Sept .  Pree . 2 . 3 2 . 3  2 . 4  3 . 3 1 . 6  5 . 1  
Oct . Pree . 0 . 7  2 . 2  o . 6 1 . 5 o . o 0 . 5 
Nov .  Pre e .  1 . 1  0 . 5  0 . 3  0 . 7  0 . 3 0 . 8  
Dec .  Pree . 1 . 1  0 . 5 0 . 1 0 . 7  o . 6 0 . 4  
Preseason Pree . 1 1 . 5  13 . 3  11.1 7 . 6  9 . 1 9 . 2 
March Hax . Terip. 28 .  0 45 . 0 31 . 0 49 . 0 36 . 0 28 . 0  
Harch Avg . Temp. 17 . 0 35 . 0 23 . 0 37 . 0 25 . 0 19 . 0 
March Hin . Temp . 6 . o 26 . 0 16 . 0 26 . 0 13 . 0 9 . 0 
March 32 - JO .  0 28 . 0 31 . 0 24 . 0 JO . 0 31 . 0 
April Ma.x .  Temp. 56. 0 53 . 0 57. 0 61 . 0 59 . 0 55 . 0 
April Avg . Temp. 45 . 0 40 . 0 44 . 0 49 . 0 47 . 0 41.i- . 0 
April Hin . Ter.ip. 34 . 0 27 . 0 31 . 0 36 . 0  34 . 0 33 . 0 
April 32 - 14. 0 24 . 0  19 . 0 1 1 .  0 14 . 0  1 6 . 0 
- 1Iay 1. fax . Temp . 70 . 0 66 . 0  71 . 0 69 . 0 74 . 0  71 . 0 
Hay Avg . Temp. 57. 0 54 . 0 60 . 0  57 . 0 61 . 0  60 . 0 
May Min . Temp. 43 . 0 42 . 0 49. 0 45 . 0 47 . 0 47 . 0 
Hay 32 - 5 . 0 3 . 0  o . o 2 . 0 1 . 0 2 . 0 
May 90 + o . o o . o o . o o . o 2 . 0 o . o 
June Nax . Temp. 76 . 0 81 . 0  ?6 . o  82 . 0 82 .  0 78 . 0 
June Avg . Temp. 64. 0 68 . 0  66 . 0 70 . 0  68 . 0 67 . 0 
June Min . Temp. 53 . 5  54 . 0 55 . 0 59 . 0 54. 0 55 . 0 
June 32 - o . o o . o o . o o . o o . o o . o  
June 90 + o . o 5 . 0 o . o 4 . 0 6 . o o . o 
July 1-iax . Temp. 86 . 0 84 . 0 80 . 0 84. 0 88 . 0 84 . 0 
July Avg . Te:.1p. 72 . 0 70 . 0 69 . 0 73 . O 75 . 0 71 . 0  
July Hin . TeMp. 58. 0 56 . 0 58 . 0 61 . O 62 . 0 59 . 0 
July 90 + 11. 0  3 . 0 1 . 0 3 . 0 14. 0 4. 0 
Aug . lfax . Temp. 84. 0 86. o 83 . O 82 .  0 80 . 0 83 . O 
Aug . Avg .  Temp. 71 . 0 73 .  O 70 . 0 67 . 0 69 . 0  
Aug . 1-:in . Temp. 58 . 0 59 . 0 57 . 0 5? . 0 55 . 0 56 . 0 
Aug .  90 + 5 . 0 11. 0 3 . 0 3 . 0 6 . 0 4 . 0  
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Variable Year 
1966 1967 1968 1 969 1970 1971 
Jan . Pree . 0.3 0.7 o .4  1 .3 o .4  0 . 1  
Feb. Pre e .  0.8 1.0 0 . 2  2 . 3 o . o  1 . 1 
March Pree . 0.9 0 . 2  0.9 o . 6  1 . 8  o.4 
April Pree .  2.0 2.1 4 . 6 0.8 3 . 1  1 .8 
May Pre e .  1.2 o . 6  2. 1  3. 0 3 . 5  1.6 
June Pree .  2 . 6  7.5 4.7 3.3 3 . 6  4 . 6  
July Pre e .  2 . 6  1 . 7 2.2 3.4 2 . 5  1.9  
Aug . Pre e .  3.2 1 . 9  2 . 6  2.0 1 . 4 2 . 8  
Sept .  Pree . 2.7 1.0 3.2 1 .4 1.4 1 .4 
Oct . Pree .  1.2 0.9 3 . 8  3 . 0 3 . 0 4.3 
. ov. Pree . 0.2 0 . 1 o.6 0 . 3  2 . 2 2 .4 
Dec .  Pre e .  0 .4 0 . 5  2.3 0 . 8  o . 6  0 . 5  
Preseason Pre e .  1 0 . 4  9.6 5 . 9  1 6 . 6  9 . 7 1 0 . 3  
March Ha.x . Temp. 48 . 0 45 . 0 54 . 0 29. 0 35.0 40 . 0 ' '  
March Avg . Temp . 36 . o 34 . 0 39. 0 18 . 0 26. 0 30 . 0 
March tr •  Temp. 25.0 23 . 0 24 . 0 11 . 0 16.0 19 . 0 .1.l.n . 
March 32 - 25 . 0 26 . 0 21. 0 3 1 . 0 31 . 0 29 . 0 
April . ._�ax . Temp. 51.0 57 . 0 59. 0 58 . 0 54 . o  61 . 0 
April Avg . Temp. 40.0  45 . 0 46 . o  46 . o  43 . 0  47. 0 
April Hin . Temp. 29 . 0 33 . 0 33. 0 35 . 0 32 . 0  33 . 0 
April 32 - 22 . 0 12 . 0 14 . 0  12 . 0 18 . 0 14 . 0 
May l�ax . Temp. 69 . 0 67 . 0 66 . 0 72.0 72.0 70 . 0 
May Avg . Temp. 55 . 0 53. 0 53 . 0 59 . 0 59.0 55.0 
May Hin . Temp. 40 . 0 39 . 0 40. 0 47 . 0 45 . 0 41. 0 
May 32 - 6 . o 1 0 . 0 7. 0 1 . 0 2 . 0  5 . 0 
May 90 + 1.0 2. 0 o . o 2 . 0 1.0 o . o 
June 1fax . Temp. 80 . 0 76 . 0 81. 0 72 . 0  81 . 0  82 .  0 
June Avg . Temp. 68 . 0 65 . 0 68 . 0 61 . 0 69 . 0  71 . 0 
June 1 :in . Temp. 55 . 0 54 . 0 55 . 0 49 . 0 57 . 0 59 . 0 
June 32 - o . o  o . o o . o o . o o . o o . o 
June 90 + 4 . 0 o . o 6 . 0 o . o 4 . 0 J.O  
July Max . Temp. 90.0 8J . O  82 . 0 83.0 87 . 0 81.. 0 
July Avg . Te!'lp. 77 . 0 70 . 0  70 . 0 71 . 0 73 . O 68 . 0  
July 1-:in . Tenp. 6J . O  56. 0 58 . 0 60 . 0 60 . 0 55 . 0 
July 90 + 15 . 0  7 . 0 4 . 0 4 . 0 12 . 0 J . O  
Aug . ·.ax . Temp . 80 . 0 83 . 0  8J . 0 85 . 0 85 . 0 87 . 0 
A ' ':f' .. �v.=; . :'e:-1p . 67 . 0 t:., n 70. 0 72 . 0 72 . O ? . o o • . I 
Aug . �·.in . Temp. 55 . 0 53 . 0 57 . 0 59 . 0  58 . 0 56 . 0 
Aug. 90 + 4 . 0 5 . 0  8 . 0 7. 0 9. 0  12. 0 
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V ariable Year 
1 972 1973 1 974 1975 1976 
Jan. Pree. 0. 3  0.4 o . o 1 .6 0. 7 
Feb .  Pree . 0 . 3  0. 5  0 . 9 0 . 2 o.6 
Uarch Pree . 1 . 1  2.4  1 . 2  2.6 1 .4 
April Pree.  3.0  1.0  1 .3 3. 0 1 .6 
Hay Pre e .  8. 3 2 .4  4. 5 1 . 8 o.4 
Ju..r1e Pree. 2. 3  1 .2 2 . 2 4 .4 1 . 9 
July Pree. 6 . 2 2.1  1 .8 1 . 5  1 . 2 
Aug. Pree . 1 . 7 2 .1  3 . 5  5 . 1 1 . 0  
Sept .  Pre e. 1 . 5 3.2 0 . 3  2 . 3 2 . 0 
Oct. Pree.  2 . 2  2 .0 0 . 7  0 . 5  o.4 
Nov. Pree . 1 � 1  0.8 0 . 2 . 1 .5 0. 1 
Dec. Pree . 1 . 4  0 . 7  0. 2 0. 2 o.4 
Pre seas on Pree .  13 . 1 1 1 . 1  1 1 . 0 9. 4 12.4 
March Max. Temp. 39 . 0 46. o 43 . 0  33 .0 43. 0 
March Avg. Temp. 29. 0 38 . 0 32 . 0 23. 0 32 . 0 
Harch i-� . Temp. 19. 0 3 0 . 0 21 . 0  13 . 0 21 . 0 
March 32 - 28. 0 23 . 0 29 . 0 30 . 0 25 . 0 
April ·!ax . Temp . 53 . 0 56 . o  60 . 0 46 . o  64 . 0 
April Avg . Temp. 42. 0  45 . 0 47. 0 39. 0 5 0. 0 
April Ein . Temp .  32 � 0  33 .0  34 . 0 31 . 0 37. 0 
April 32 17 . 0  1 7.0 14. o 14. 0 1 1 . 0 
May Hax. Temp. 69 . 0 70. 0 67 . 0 73 . O 72 . 0 
May Avg . TeP-ip. 59. 0 56 . o  55 . 0 60 . 0 57. 0 
Hay !·5.n . Te:np . 49 . 0 42 . 0  43 . 0 46 . 0 42 . 0  
May 32 - 1 .0 4. 0 4.0  1 . 0 5 . 0 
May 90 + o. o o.o o. o o. o o . o 
June !fax . Temp. 79. 0 82 . 0 80. 0 77 . 0 84. 0 
June Avg . Te!'1p. 67 . 0  68. 0 66 . o  66. o 70 . 0 
June l·1in . Temp. 55 . 0 54 . 0  52 . 0 55 . 0 58. 0 
June 32 - o. o o . o o.o  o. o o.o 
June 90 + 1 . 0 4 . 0 4 . 0 2 . 0 7.0 
July Eax. Temp. 80.0 85.0 90. 0 89. 0 91 .0 
July Avg . Temp. 69. 0 72 . 0  76 . 0  75 . O 75 . 0 
July :-:m . Te:np . 58 . 0 59 . 0 63. o 61 . 0 60 . 0 
July 90 + 1 . 0 8. 0 19. 0 1 9 . 0 17 . 0 
Aug . '-�ax . Te:,.p. 81 . 0 87. 0 80. 0 83 . O 90 . 0 
A ; . . � v:; . T0�p • 70 . 0 7.+ . 0 67 . 0 71 . 0  . 4 . 0 
Aug. J.11 . Temp. 58 . 0  61 . 0  _54. 0 59 . 0 59 . 0 
Aug . 90 + 9.0 12 . 0  2 . 0 5 . 0  18. 0 
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APPENJIX C 
cm1-2RCIAL �R.TILIZEa sow IN SOUTH � I:OTA 
Total Consur1ption { Thousands of Tons ) 
Year Yea:r 
1950  - 7 
195 1  - 1 0  
1952 - 1 1  
1953 - 2 0  
1954 - 3 1  
1 955 - 35 
1956 - 24 
1 957 - 27 
1 958 - 37 
1 959 - 39 
1 960  - 36 
1 961 - 53 
1962 - 66 
1 963 - 80 
1964 - 99 
1965 - 1 06 
1 966 - 159 
1967 - 196 
1 968 - 239 
1 969 - 260 
1970 - 292 
1971 - 312 
1972 - '304 
19·73 - 366 
1974 - 395 
1 975 - 316 
1 976 - 409 
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1950-1958 Source:  South Dakota, Crop and Livestock Reporting Service, 
South .8a.kota . .  �riculture 1 61 (Sioux Falls , South 
Dakota, April , 1 962 , p. 53 .  
1959-1975 Source : South Dakota , Crop and Livestock Reporting Service, 
South �akota A�riculture 1 (Sioux Falls, South 
Dakota , :-'-ay, 1976 , p. 5 0. 
1 976 Source : United States, Department of  Agriculture, Crop 
Re:p:>rting Board , " Go!"!!Tlerical Fertilizers , "  
(�fashington , "J . C . , April, 1 977 ) , p.  8 . 
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APnNDIX D 
MEAN VALUES FOR INDSP3NDENT AND DEPEND=JT V.AJUABIES 
Mean values for all the variables were calculated for the two 
time pericx:ls used . Average values were detennined from the data base 
1933-1976 and for 1 950-1976 .  Precipitation means are in inches , temper­
atures in degrees Fahrenheit, and yields in bushels/acre . 
1.;4- YEAR DATA 3..\S� ( 1933-197 6 ) 
Variable 












August Growing Season Precipitation 
Preseason Precipitation 
March Eaxi.'1lum Temperature 
April Haxi.Yllum Tem�rature 
May 1 �aximum Ter1 pe ra ture 
Ja'"'.le Haxi.TTJ.um Temperature 
July _ faxi.rnum 'I'e:iperature 
A�P"Ust 1 1axi:rrum Temperature 
?•:arch J.Iini.rnum Temperatirre 
April _·Tini.rnu."'11 Temperature 
Hay Hinirmm Tenperature 
June Minimum Temperature 
July Hinimum Terrperature 
August :,:ini.'11um Temperature 
March Average Temperature 
April Average Ten�rature 
ilay Average Tenperature 
June Averaee Tenperature 
July Average Temperature 
Au.gust Avera�e Teriperatu.re 
}fay Days 90 �egrees or Above 
June --:Ja:ys 90 Je:;rees or ..\bo�,e 
July �ays 90 �e�rees or Above 
August :Jays 90 :Jezrees or Above 
. :arch "Ja., s 32 .Je :;rees or 3e_ou 
�pril Ja::;s 32 __,e c-;:-e es or Jelo�.; 
Hay Days 32 Degrees or 3elow 
June Days 32 De-;rees or Below 
Planted Acrea£e Yields 




1 . 5 
0 . 8 
o . 6 
0 . 5 
0 . 7 
1. 3 
2 . 2 
3 . 0 
4. 0 
2 . 9 
2 . 8 
10. 3 
39 . 6 
56 . 9 
70 . 0  
79 . 1  
85 . 8 
84. 0 
1 9 . 1 
32 . 5  
44 .J 
54 . J 
59 .4 
57. 6 
29 .4  
44 . 8  
57 . 4 
66 . 9 
72. 8 
70 . 9 
0 . 8 
3 . 7  
9.4 
8 . 1 
27 . 8  
15 . 3 
J. 1  
0 . 1 
35 . 6 
37. 2 
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27 YE.AR DATA BASE ( 1 950-1976 ) 
Variable 




March Ma..xinum �emperature 
April Ma.;cimUI:1 Temperature 
May Maximu..rn Tem�rature 
June Maxi..TTium Temperature 
August Maximum Tem:perature 
March Minimum Temperature 
May Hinimum Temp;3rature 
July l"ini..rriu.11 Terrperature 
August linimum TemP3rature 
April Average Temperature 
Hay Average Temperature 
June Average Ter.iperature 
July Average Temperature 
May Days 90 Degrees or Above 
June Days 90 Degrees or Above 
July Days 90 vegrees or Above 
April Days 32 iJegrees or Below 
May Days J2 �egrees or Below 
Tons of Fertilizer 
Planted Acreage Yields 
Harvested Acrea�e Yields 
Mean 
2. 8 
2 . 1  
0. 7 
1 0 . 2  
38. 8 
56 . 6  
70. 0 
79 . 4 
83 .  7 
1 8 . 2  
44. 0 
59 . 1 
57 . 3 
44 . 4 
57 . 1 
67. 1 
72. 0 
o . 6 
J .4 
8 .3 
16 . 3  
3 . 3  
145 . 5 
40 .4 
42 . 0  
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APPE:rnrx E 
VA.RIAJ.iCE EXPLA:CiED BY IND�PENDEtJT VARLWIES 
The follo1ri.ng six sets of data contain the complete listing of 
variables and their effects upon both planted and harvested acreage 
yields. An asterisk ( * )  indicates that a variable is statistically 
significant. The positive (+ )  or negative (- )  sign describes how the 
variable affects the ragression when it is entered . Rank indicates 
81 
when a variable enters the 'regression to show its �nfluence on yield. 
The percentage of oat yield variability attributable to each independent 
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HULTIPLE EBGRESSION OF PLA:·JTED ACITTAGE YIELDS 
OMITTTITG PRSSEASmr PRECIPITATION A]D FERTILIZs;R 
Variable 
June Days 90 Degrees or Above * 
July Average Temperature * 
May Days 90 Degrees or Above * 
May Hininmm Temperature 
May Haximuro Temperature 
July Hinimum Temperature 
June Days 32 Degrees or Below 
June Max.imu..111 TemP3ratu.re 
April }1axim1.LTI1 Tem:perature 
December Precipitation 
March Maximum Te!!lperature 
May Average Temperature 
July Days 90 Degrees or Above 
August Hinimum Temperature 
May Days 32 Degrees or Below 
September Precipitation 
March Average Temr:erature 
October Precipitation 
August Preseason Precipitation 
June Mini..TUum Tem:pera ture 
July l faximum Temperature 
June Precipitation 
April Days 32 Degrees or Below 




August Growing Season Precipitation 
March Hinimum Tem:perature 
April Average Temperature 
May Precipitation 
June Average Temr:erature 
J anuary Precipitation 
November Precipitation 
August Average Ten:perature 
7-:arch :Ja�.rs 32 :Jegr2es or 3elm-1 
August �-:axL-rnum Tem:perature 






6 . 0� 
2 1t 
3 : 31 
3 . 0:t 
2 2:i 
1 : 2t 
1 . 2t 
1 . 2{ 
1 . 6% 
1 ff� -
1 : 5� 
0. 9� 
1 . 5.� 
1. 0� 
o . a; 
1. Ft 
o .  7;'{, 
. 0 . 5% 
0 . 7:t 
o . 6t 
0 .5t 
2 . � 
o . 61 
o .7% 
o .  9,i 
1. 2� 
L o%  
1 .4� 
1 . 2t 
0 . 5t 
O . % 
o .  7,t 
o . a� 
o . o �  
o .  Q� 
O .  O;& 

























Si�ificant variables 4ccounteci for -59. 11., of the variance , and all 









































MULTIPLE REGRESSIOJ OF HARVEST� ACREAGE YIELDS 
OHITTI� - PRSS:ASO:r PRECIPITATIO�.f A:..1TJ FERTILIZSR 
Variable 
June Days 90 Degrees or Above * 
July Aver�e Tempe rature * 
May 1·linimurn Temi:;e rature * 
June Haximurn Tempe rature 
July Hinimum Tem�rature 
July Days 90 Degrees or Above 
June Days 32 Degrees or Below 
August ?reseason Precipitati on 
December Precipitation 
April Haxin11.1..?J1 Tem� rature 
March Maximum Temperature 
May Average Temperature 
}lay Days 32 Degrees or Below 
August Haximum Tempe rature 
April Days 32 Degrees or Below 
April Average Tempe rature 
May Haximum Temperature 
March Precipitation 
June Precipitation 
July Ha.ximun1 Tem� ratu_re 





August Growing Sea.son Precipitation 
August _·rinirm  Ter1�rature 
March Hini..111tun Ter1� rature 
}1arch Average Temperature 
}fay Days 90 Degrees or Above 
Allo"'U.St Average Tem}:erature 
Septe�ber Precipitation 
Ja..�uary Precipitation 
June Average Tenpe rature 
Jovember Precipitation 
J"LU.y ?r-e cipitation 
_-!arch Days 32 uegree s  or 3elow 
August Days 90 Degrees or Above 





























Significant variables accounted for 53 . 4-:; of the variance, and all 












1 0  





























HULTIPIE RSGRESSIOU OF PIA::TED ACREAGE YIELDS 
OHITTTITG NOVEMBER A.Ni) JA1rD .. 4JlY PRECIPITATIO:� A?ID FERTILIZSR 
Variable 
June Days 90 Degrees or Above * 
July Avera._�e Temperature * 
Ma¥ Days 90 Degrees or Above * 
Hczy Hinirnum Temperature 
May Haximun Temperature 
July Mini.mun Temperature 
June Days 32 Degrees or Below 
J u.11.e Eaxirrrum Temperature 
April Naximum Temperature 
December Precipitation 
Harch Ha.xi.mum Temperature 
H� Average Temperature 
July Days 90 Degree s or Above 
August Ei.ni.nmm Temperature 
Hay Days 32 Degrees or Below 
September Precipitation 
Preseas on Precipitation 
March Hininum Temperature 
June 1-liniI!lum Temperature 
June Average Temperature 
July Haximum Temperature 
June Precipitation 
}!ey Precipitati on 
Harch Precipitation 
April l·:inirrum Temperature 
April Precipitation 
Febru.a:rJ Precipitation 
August Gro:iL11g Seas on Precipitation 
April Days 32 Degrees or Below 
April Average Tempe rature 
A11o<YU.St Pre sea.s on Precipitation 
}!arch Average Temperature 
October ?reci9itatio� 
August Ave�e Te��rat1.L� 
l:a.rch TJ:zy-s 32 Degrees or 3e low 
.-,.ugust : zd_-:!U."1 ?e�!Y3rature 
July Pre cipitation 























Significant variables accom1ted for 59. 1� of the variance , and 












1 0  





























MULTIPI.3 RZGRESSIO!J OF HARV�STI::) ACREAGE YTILDS 
OHITTI]G H01Til-IBEJ. AIJD JAliUArTI mECIPITATIO:r AITD E'�rlTILIZSR 
Va_-riable 
J1.ll1e D�s 90 Degrees or Above * 
July Average Tem:p3rature * 
1'·� I:!inir.n1-rn Tem!X='rature * 
June !•:ro:imllr.l Temi:erature * 
J1.l.fy' 1-ri.n-imum Temr;erature * 
J� �czys 90 �egrees or Above * 
June Days 32 Degrees or Below 
August Preseas on Precipitation 
December Precipitation 
April Hax:imum Tenperature 
Earch �,Ia.ximi..L'n TemP3ra tu.re 
Hay Average Teriperature 
Hay Days 32 :Jegrees or Below 
August J.1aximu.r:i Te!nP3rature 
April Deys 32 Degrees or Below 
April Averag,,e Temp;3rature 
N.ay Eaxir.1um Te!!lperature 
I- arch Precipitation 
June h"'ecipitation 
Ju.:cy lra..x.imum Te��perature 





Augus t Growir1g Seas on Pre cipitation 
August 1. :; !1L;ll12"'1 Te-n�rat-..ire 
August Average Ten:i:erature 
Hay :Jays 90 ::egrees or Above 
June Average Tem�rature 
September Precipitati on 
October Precipitation 
Auril :-.:ini:::�1 'I'en;:erat"'J.!'e 
1-:arch :-Iinirn.n Ten per a. tu.re 
Earch Average Tenperature 
Ea.re}:. -.Jays 32 :=)e:rees or 3elow 

























Signific�urt variables a.ccotu1ted for 64. s:-� of the variance ,  and 

























HULTIPIE REGRESSIO: OF PI.A'!TTI ACR2AGE YISLDS 
OdITTr:G SO!� IJSIG: �IFIC� T �:o: ·T�Y ·.r�T::.�R VAR.IA3LlS 
Variable 
June Days 90 Degrees or Above * 
Tons of Fertilizer * 
July �ays 90 Degrees or Above 
Hay !-1inimum Temperature 
Hay Average Temperature 
May ifaximu.rn Temperature 
December Precipitation 
.L•:arch � :axir1um ,.,.,emperature 
September Precipitation 
August Ainimum Temperature 
l.fay �ays 32 Degrees or Below 
June . faximum Temperature 
July Avera�e Temperature 
Hay Days 90 Degrees or Above 
June Average Temperature 
J u.ly !-fi..riimum Temperature 
April Days 32 Degrees or Belo 
April J. faxi:tnlL"Tl TemP3rature 
August .L1aximu."Tl Temperature 
1farch ginimu.'11 Temperature 
Preseason Precipitation 
August Preseason Precipitation 
April Average Temperature 
Variance 
Explained 
26 . 21 
21 . zi 
10 . � 
2 . z-t 
J . ot 
6 . 6� 
J . cl, 
J . � 
2 . 8� 
2 . 51 
4 .  7-; 
2 .4--s 
1 . oi 
1 . 81 
o . 6.i 
o . 6i 
0 . 5·1, 
o .4� 
0 . 2:t 
O . F� 
o . 01 
0 . 2.� 














Significant variables accounted for 47 . 21 of the variance, and 











1 0  





1 6  
1 7  
1 8  
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HULTIPJ.E R.1GRSSSIO:T OF F ..AR'l�ST�:J AC��G:; YIELDS 
0{[T-'£TIT,} SOH3 I:i'SIG:HFICA:,T 1-:0;�TRL� �illTFf�R JA_�3LSS 
Variable 
Tons of Fertilizer * 
June Days 90 Degrees or Above * 
July Days 90 Degrees or Above 
Hay m.ni..rnum Temperature 
Hay Average Temperature 
.fa�,r l{a;,r..i..nmm Temperature 
December Precipitation 
Harch l:axi.nurn Temperature 
Septe�ber Precipitation 
June Eaximum Temperature 
... rey Days 32 i:>egrees or 3elow 
Au__,.a-ust Hinimun Tem}:'era ture · 
1 �ay Days 90 Degrees or Above 
July Average Temperature 
1-�ch I·iiniit11.L'11 Tem:r:erature 
June Average Tem_perature 
April Days 32 Degrees or Below 
July 1-1ini!:iurn Temperature 
April Average Temperature 
August Preseason Precipitation 
A��t EaxirllL'll Temperature 
Preseason Precipitation 















Significant variables accounted for 53 .  8.� of the variance , and 




YIELD PR.EDICTIO� S FOR INDIVIDUAL P� 
A yield was calculated for each year by the regression equations 
.formed. Six equatio!ls were produced which coincided with the six 
different sets of data . For each set the yields were calculated using 
only the statistically significant variables. Also yields were estiJ,,..ated 
using the entire list of independent variables .  In the text sunnnaries 
of the important results were given and shmm are the complete figures .  
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PLA!JT.:<.:D ACR�A'J-E YTIW PRSDICTIO��S 
rn rrTTTI1G P�S?::ASO:T P?3CI�TATIC:I A:r;J FERTILIZ}:_;R 
Significant Variables All Variables 
Yield Yield 
Year Actual Calculated Bias Actual Calculated :Sias 
1933 2 . 8 5 . 3  +2 . .5 2 . 8 0 . 8  -2 . 0  
1934 1 . 2 3 . 5 +2 . 3 . 1 . 2 2 . 7  +1 . 5 
1935 32 . 8  36 .4  +3 . 6  32 . 8 30 . 6  -2 . 2 
1936 14 . 3  19 . 5 +5 . 2 14 .3 17 .4  +3 . 1  
1937 22 . J  35 . 5 +13 . 2  22 . 3 22 . 0  -0 . 3 
1938  30 . J  37. 0 +6 . 7  3 0 . 3 28 . 2  -2 . 1  
1 939 32 . 6  31 . 8  -0 . 8 32 . 6  29 . 5 -3 . 1 
1940 32 .7 32 . ? 32 . ? 31 . 0 -1 . 7  
1941 24 . 0  33 . 5 +9 . 5  24 . 0 26 .4  +2 .4 
1942 35 . 8  46 . 1  +1 0 . 3 35 . 8 36 . 5 +0. 7 
1943 31 . 3 32 .4  +1 . 1  31 . 3 31 . 5 +0 . 2 
1 �  33 . 9  42 .4  +8 . 5  33 . 9  32 . 9  -1 . 0  < J  
1945 47 . 2 47 .4  +0 . 2 47 . 2  47 .4 +0 . 2  
1946 28 .4  38 . 0 +9 . 6  28 . 4  30 . 4 +2 . 0 
1947 35 . 5  44.4 +8 . 9  35 . 5  38 . 8  +3 . 3 
1948 41 .4  42 . 9  +1 . 5 41 . 4  38 . 2  -3 . 2 
1�9 28 . 1 28 . 6  +0 . 5 28 . 1  25 . 7  -2 .4 
1950 3 0 . 2 39 . 8 +9 . 6 30 . 2 33 . 1  +2 . 9  
1951 38 . 6 48 . 7 +10 . 1 38. 6  38 .7 +0 . 1  
1952 33 . 2 31 . 5 -1 . 7  33 . 2 33 . 9  +o . 7 
1953 28 . 3 34 . 1  +5 . 8 28 . 3 27 . 8  -0 . 5 
1954 28 . ?  35 .7  +7 . 0  28 . 7 2? . 3  -1. . 4  
1955 32 . 0  34. 6 +2 . 6  32 . 0  3 1 . 1  -0 .  9 
1956 26 . 3  31 . 9  +5 . 6  26 . 3  24 . 8  -1 . 5 
1957 37. 2 39. 4 +2 . 2  37 . 2 39. 6 +2 . 4 
1958 45 . 8  43 . 2  -2 . 6  45 . 8 44 .2  -1 . 6  
19.59 24 . 2 25 . 9 +1 . 7 24 . 2 24 . 5  +0 . 3 
1960 11-5 . 2  44 . 7 -0 . 5 45 . 2 46 . 6  +1 .4  
1961 46 . 3 39 . 0 -7 . 3  46 . J  46 . 9  +o . 6  
1962 38 . 1 48 . 5 +1 0 .4  38 . 1  41 . 0 +2 . 9  
1963 35 . .5 36 . 7  +1 . 2 35 . 5 39. 2 +3 . 7  
19:9+ 32 . 2 27 . 0 -5 . 2 32 . 2 34. 5  +2 . 3 
1 965 55 . 4 46. 1 -9. 3 55 . 4 53 . 9  -1 . 5  
1 966 38 . 4  29 . 5 -8 . 9  33 . 4 38.4 
1 G.<? 50 . 5 43 . 7 / Q 50 . 5 48. 7 -1 . 2 / - .  - ::,  . ..) 
1963 55 . 8 37 .3 -18 . 5  55 . 8 55 . .3 -0 . 5 
1969 51 . 0 42 .4 -8 . 6 51 . 0 50 . 2 -0 . 8  
1970 46. 6 34 . 8  -11 . 8  46 . 6  4J . 3  -3 . 3 
1 971 53 . 2 45 . 0  -8 . 2 53 . 2 55 .7 +2 . 5 
1 972 L�S .4 47 . 1  +1 .  7 45 .4  43 . 2 -2 . 2 
1 973 · 52 .  5 J8 . 0 -14 . 5  52 . 5 51 . 0  -1 . 5 
1974 47. 1 32 . 7 - 1!� . 4 4? . 1  LL.7 . - 0 . � 
1 ., 75. 51 . J  
- r, , ,  - 1; . ) 51 . J 
.... ? , .  +1 . 1  .) ( . � :.>~ . -;-
1 970 22 . 0  29 . 0 +? . O . 22 . 0  23 . 3 +1 . 3 
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HA...'R.P_,S1.:ill ACR:T.AG� YI:w . .  S:):cTro·:s 
OHITTI:; -.z PR.2SSASO::  ra..:.:CIPI:'ATI - A:m ?.sRTILI�R 
Significant Variables All Variables 
Yield Yield 
Year Actual Calculated 3ias Actual Calculated Bias 
1933 7 . 9 7 . 9  7 . 9 5 . 8 -2 . 1  
1934 8 . 5  17 .4  +8 . 9  8 . 5 1 0 . 0 +1 .5  
1935 34. 1  39. 2 +5 . 2 34 . 1  3 1 . 8  -2 . 3  
1 936 17 . 6  17 . 7 +0 . 1 1 7 . 6 2 0 . 3  +2 . 7  
1937 23 . 9  34. 8  +1 0 . 9 23 . 9  23 . 6  -0 . 3  
1 938 - 31 . 6 36 . 7 +5 . 1  3 1 . 6  J O .  0 -1 . 6 
1939 33 . 5  34 . o  +0 . 5 33 . 5  30. 9 -2 . 6  
1940 33 . 1  35 . ,0 +1 . 9  33 . 1  32 . 1  -1 . 0  
1941 24 .8  31 . 9  +7 . 1  24 . 8 2 7 . 2 +2 . 4 
1942 36 . 9  47 . 1  +10 . 2 36 . 9 37. 2 +0 . 3 
1943 32 . 3  38 . 7  +6 .4 32 . 3  32 . 3 
1 944  34 . 7  38 . 5 +3 . 8  34. 7  33 . 7  -1 . 0  
1945 47 . 6  52 .4 +4. 8 47 . 6 47 . 7  +0 . 1  
1946 29 . 1 40. 8 +11 . 7 2 9 . 1 31 . 2 +2 . 1  
1947 36 . 0  48 . 6  +12 . 6  36 . o  39 . 3 +J . 3  
1948 41 . 7  45 . 1  +3 .4  41 . 7 38 . 7 -3 . 0 
1949 28 . 6  30 . 6  +2 . 0 28 . 6  26 . 5  -2 . 1  
1950  30 . 8 43 . 3  +12 . 5  3 0 . 8 33 . 8  +3 . 0 
1951 39 . 6  47 . 2 +7 . 6  3 9 . 6  39 . 5 -0 . 1  
1952 33 . 6 33 . 8  +0 . 2 33 . 6  34. 4 +0 . 8  
1953 28 . 8  36 . 3  +7 . 5  28 . 8  28 . 3  -0 . 5  
19.54 29 . 1 40 . 3  +1 1 . 2 29 . 1 27 . 9  -1 . 2 
1 955 32 . 2 34. 7  +2 . 5  32 . 2 31 . 4 -0 . 8  
1 956 28 . 7 31 . 3  +2 . 6  28 . 7 26 . 0 -1 . 8  
1 957 37 . 7 40 . 1  +2 .4  37 . 7 39 . 5  +1 . 8  
1958 46 . 6  44 . 2 -2 . 4  46 . 6  44 . 9  -1 . 7 
1959 25 . 8 29 . 2 +3 .4 25 . 8 26. 0  +o 2 
1960 45 . 8  45 . 9  +0 . 1 45 . 8  47 .4 +1 . 6  
1 961 47 . 0  40 . 8 -6 . 2 47 . 0 48 . 1  +1 . 1  
1 962 39 . 0 44. 8  +5 . 8  3 9 . 0 42 . 2 +J . 2 
1 963 37 . 3 ;6 . J -1 . 0 37  . 3 40 . 7 +J .l.;, 
1964 33 . 0 28 . 9 -4. 1  33 . 0 35 . 0 +2 . 0 
19�5 � t: . 2 43 . 9 -12 . 3  56 . 2 54 .4 -1 . 8  
1 966 39 . 9 35 . 3 -4 . 6 � Q  0 ✓ - . 39. -0. 
1 9.:7 52 . 9 51 . 6  - - . 3 _:2 . 9 5 0 . � ? ') -~ • ./  
1968 57 . 9  40 . 7 -17. 2 57 . 9 57 . 9  
1969 _54. 2 . 43 . 9  -1 0. 3 54. 2  53 .3  -0. 9 
1970 4-8. 1  36 . 3 -11 . 8  48. 1 44 . 8  -3 . 3 
1971 55 . 0 47 .4 -? J, 55 . 0 57 . 3  +2. 3 
1972 1}8 . 0  43 . 1  -4 . 9 48 . o  46 . 0 -2 . 0 
1 973 . 55 . 2 40. 0 -15 . 2 55 . 2 53 . 2 -2 . 0 
97' ' l:..'} . Jh . 2 - ! 4 . 9 40 . . !!.9 . 6 + - . 5 
1 975 
� ,...  C J6 .4 -17 . 2 53 . 6 51� . 3 +1 . 2 ../J . v 
1976 29 . 2 31 . 2 +2 . 0 2 9 . 2  J0 . 3  +1 . _  
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PLANIBv ACR3A'3E YIELD PREDICTio:, s 
OlITTTING 'WVEHSSR A:Q J.AlmA.."R.Y PRZCIPITATIO�i Alill F2'RTILI� 
Significant Variable s All Variables 
Yield Yield 
Year Actual Calculated 3ias Actual Calculated Bias 
1933 2 . 8  5 . 3  +2 . 5 2 . 8  1 . 2 -1 . 6 
1934 1 . 2 3 . 5 +2 . 3  1 . 2 3 . 5 +2 . 3  
1935 32 . 8  36.4 +3 , 6  32 . 8  3 0 . 3  -2 . 5 
1936 14. J 19 . 5 +5 . 2 14 . 3  17 . 4  +3 , 1  
1937 22 . 3  35 . 5 +13 . 2 22 . 3  22 . 0 -0 . 3  
1938 30 . 3  37 . 0 +6 . 7  30 . 3 28 . 8  -1 . 5 
1939 32 . 6 31 . 8  -0 . 8 32 . 6  28 . 6 -4. 0 
1940 32 . 7  32 . 7  - 32 . 7 31 . 1  -1 . 6 
1941 24 . 0 33 . 5 +0 . 5 24 . o 27 . 2 +3 . 2 
1942 35 . 8  46 . 1 +10 . 3  35 . 8  35 . 9  +0 . 1  
1943 31 . 3  32 .4 +1 . 1  31 . 3 3 1 . 6 +0 . 3  
1944 33 . 9 42 .4 +8 . 5 33 . 9  32 . 9  -1 . 0 
1945 47 .2 47 .4  +0 , 2  47 . 2  47 . 6  +o .4 
1946 28 .4  38 . 0 +9 . 6 28 . 4  30 . 5 +2 . 1  
194-7 35 c 5  44 ., 4 +8, 9 35 . 5  38 . 8 +J . 3  
1948 41 . 4  42 . 9  +1 . 5  ¾1 .4  39 . 2 -2 . 2 
19'+9 28 . 1 28. 6 +0 . 5 28 . 1  25 . 2  -2 . 9 
1 950 3 0 , 2 39. 8 +9 . 6  3 0 . 2 33 . 2 +3 , 0 
1951 38 . 6 48 . 7 +1 0 . 1  38 . 6 39 . 2  +o . 6  
1 952 33 . 2 31 . 5 -1 . 7  33 . 2  32 . 3  --0 .  9 
1 953 28 . 3  34. 1  +5 . [  ,· 28 . 3 27 . 2 -1 . 1  
1 954 28 . 7 35 . 7  +7 , 0 28 . 7 28 . 0 -0 . 7  
1955 32.0 34 . 6  +2 . 6  32 . 0  31 .4 -0. 6 
1956 26. 3 31 . 9  +5 . 6 26 . 3 25 .3  -1 . 0  
1957 37 . 2 39 . 4 +2 . 2 37 . 2 40 . 1  +2 . 9  
1958 45 . 8  43 . 2  -2 . 6  45 . 8  44 . 0 -1 . 8  
1959 24 . 2  25 . 9  +1 .  7 24 � 2  23 .4 - 0 . 8 
1 960 45 . 2  44. 7 -0 . 5 45 . 2 46 . 2  +1. . 0 
1961 46 . 3  39 . 0 -7 . 3  46 . 3  47 . 5 +1 , 2 
1962 38 . 1 48 . 5  +10 .4 38 . 1 41 . 0  +2 . 9  
1 963 35 . 5 36 . 7 +1 . 2  35 . 5 38 . 8  +3 . 3 
1964 32 . 2 27. 0 .-5 . 2 32 . 2  33 . 9 +L 7 
1 965 55 . 4 46 . 1  -9 . 3 55 . 4  54.4 -t . O  
1966 38 .4 29 . 5  -8 . 9  3 8 . 4  38 . 6  +0 . 2 
1 967 50 . 5 43 . 7 -6 . 8 50 . 5 47 . 0 ? '
"" 
-- . :.:> 
1 968 55.8 37 . 3 -18 . 5 55 . 8 54 . 5 -1 . 3 
1 969 51 . 0 42 .4  -8 . 6  51 . 0  49 . 7  -1 . 3 
1970 46 . 6  34. 8  -1 1 . 8  46 . 6 43 . 1  -3 . 5 
1971 53 . 2 45 . 0 -8 . 2 53 . 2 56 . 7 +3 . 5 
1972 45 .4 47 . 1  +1 . 7  45 . 4  43 . 0 -2 .4 
1973 · 52 � 5 3 . o  -14 . 5 52 . 5 51 . 7 -0 . 8  
1 Qr-JI, c7 . 1  J2 . 7 - 1 k- . 4 47 . 1  47 . 7 + .I . -� ./ ("T 
1975 5 1 . J 37 . 4 -1J . 9 51 . J 52 . 0  +o . 7 
1976 22 . 0  29. 0 +7 . 0 22 . 0  22. 7 +o . 7 
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HAJtVESTED ACREAGE YIELD nEDICTIOJS 
OMITTING NOVSMBER AND JA;IUARY ffiECIPITATIO� AHD FERTILIZER 
S ignificant Variables All Variable s 
Yield Yield 
Year Actual Calculate d Bias Actual Calculated Bias 
1933 7. 9 7. 5 -0 . 4  7. 9 6 . 1  -1 . 8  
1934 8 . 5  13 . 0 +4 . 5 8 . 5  10.8 +2 . 3  
1935 34 . 1 36 . 1  +2 . 0 34 . 1  31 . 6 -2 . 5  
1 936 17. 6  1 0 . 2  -7.4 1 7 . 6  2 0 . 2  +2 . 6  
1937 23 . 9 31 . 3 +7.4 23 . 9  23 .7  -0 . 2 
1938 31 . 6  32 . 9  +1 . 3 3 1 . 6  30 . 5  -1 . 1 
193 9  3J . 5  38 . 2 +4 .7  33 . 5 30 . 1 -3 . 4 
1940 33 . 1  31 . 2 -1 . 9 33 . 1  32 . 2 -0 . 9 
1941 24 . 8 JO .  7 +5 . 9  24 . 8  27. 9 +J . 1  
1942 36 . 9  41 . 2 +4.3  36 . 9  36 . 7  -0 . 2  
194-3 32 . 3 31 . 8 -0 . 5  32 . 3 32 . 5 +0 . 2 
1544 34 .7  32 . 9  -1 . 8  34 . 7  33 .7  -1 . 0  
194-5 47. 6 45 . 5  -2 . 1  47. 6  47. 9  +O . J 
1946 29. 1 44. 2 +15 . 1 29 . 1 31 . 3 +2 . 2 
1947 36 . 1  42 . 6  +6 . 5  36 . 1 39 . 3  +3 . 2 
1948 41 .7 37. 6 -4.1 41 .7 39 . 6  -2 . 1  
1949 28 . 6 26 . J  -2 . 3 28 . 6 26 . 0 -2 . 6  
1 950 30 . 8 41 . 8  +11 . 0 3 0 . 8  33 . 9  +J . 1  
1 951 39 . 6 47. 9  +8 . J  39 . 6  40 . 0 +0.4  
1 952 33 . 6 J0 . 9  -2 .7  33 . 6  33 . 0 -0 . 6  
1 953 28 . 8  34 . 5  +5 .7 28 . 8  27.7 -1 . 1  
1954 29. 1 40 . 0 +1 0 . 9  29 . 1 28 . 6  -0 . 5  
1 955 32 . 2 40 . 6  +8.4 32 . 2 31 .7  -0 . 5  
1956 28 . 7  J O .  1 +1 .4 28 .7  27.4  -1 .3 
1957 37.7  43 .4 +5 .7 37.7  39 . 9  +2 . 2  
1958 46 . 6  40 . 9  -5 .7 46 . 6  44 . 8 -L 8  
1959 25 . 8 27.7 +1 . 9  25 . 8  25 . 0 -0 . 8  
1960 45 . 8  44 . 2  -1 . 6  45 . 8 47. 0  +1 . 2 
1961 47. 0  37. 2 -9 . 8 47. 0 48 . 6  +1 . 6  
1 962 39 . 0 43 . 6  +4.6  39 . 0 42. 2  +J . 2 
1963 37. 3  J6 .4 -0. 9  37. 3 40 . 4  +3 . 1  
1 964 33 . 0  31 . 5  -1 . 5  33 . 0 34 .4 +1 .4 
1965 56 . 2 45 . 6  -1 0 . 6 56 . 2 .54. 8 -1 . 4 
1 966 39. 9  35 . 4 -4 . 5  39 . 9 40 � 0  +0 . 1  
1 967 52 . 9  48 . 6  -4 . J  52 . 9  49 . 8 -3 . 1 
1 968 57. 9  43 .7 -14 . 2  57. 9 57. 2 -0.7 
1969 _54 . 2 40.4 -13. 8 54 . 2  52 . 9  -1 . 3 
1970 48 . 1 41 . 1  -7. 0 48 . 1 44 .. 6 -3 . 5 
1 971 55 . 0 53 .4 -1 . 6  55 . 0 58 . 2 +J . 2  
1972 48. 0 47. 0  .;.1 . 0  48 . 0 45. 8 -2 . 2 
1 9� :?
5 . 2 44 4 -10 . 8 45 . 2 53 . 8 -1 . 4  197 l4-9 . 1 41 : 5  -7 . 6 9 . 1  50 . 2 +1 . 1  
1 975 53 , 6  39 . 0 ... 11.:. . 6 53 . 6 54 . 4 +0. 8 
1 976 29 . 2 34 .3 +5 . 1  29 . 2 29 . 8  +0 . 6  
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PLANTED ACREAGE YI�LD PREDICTIO:-rs 
OMITTING srn,g INSIG� IFICANT H0.1THLY WEATHM VAJlIABLES 
Si gnificant Variables All Variables 
Yield Y ield 
Year Actual Calculated Bias Actual Calculated Bias 
1 950 30 . 2 32 . 7 +2 . 5 30 . 2 32 . 8  +2 . 6 
1951 38 . 6 42 . 0 +3 _-4 38 . 6 37 .4 -1 . 2 
1 952 33 . 2 31 . 0  -1 . ·2 33 . 2 34.4 +1 . 2 
1 953 28 . 3  31 .4 +3 . 1 28 . 3  26 . 7  -1 . 6  
1 954 28 . 7 37 . 2 +8 . 5 28 . 7 26 . 3  -2 . 4 
1 955 32 . 0 41 . 0 +9 . 0  32 . 0 32 . 7  +o . 7 
1956 26 . 3  24 . 2 -2 . 1 26 . 3  30 . 2 +3 . 9 
1 957 37 . 2 42 . 6 +5 .4  37 . 2 39 .4 +2 , 2 
1958 45 . 8  37 �4 -8 .4  45 . 8 . 45 . 0  -0 . 8  
1959 24 .2 26 . 5 +2 . 3  24 . 2 24 . 2 
1960 45 . 2 42 . 9  -2 . 3  45 . 2 · 47 . 3 +2 . 1  
1 961 46.3 34 . 3  -12 . 0  ' 46 . J 40 .  7 -5 . 6 
1962 38 . 1  43 . 9 +5 . 8 38 . 1 40 . 5  +2 .4 
1963 35 . 5  37 . 1 +1 . 6 35 . 5  36 . o +0 . 5  
1964 32 . 2 34 . 0 +1 . 8  32 . 2 28 . 0 -4 . 2 
1965 55 .4 45 . 3  -1 0 . 1 55 . L1-- 53 . 3  -2 . 1  
1966 38 .4 39 ,  7 +1 . 3  38 . 4  38 . 7  +0 .3  
1967 50 . 5  48 . 3  -2 . 2 50 . 5  53 . 3  +2 . 8  
1968 55 . 8  38 . 8 -17 . 0 55 . 8 55 . 8  
1 969 51 . 0  50 . 5 -0 . 5  51 . 0 51 . 1  +0. 1 
1970 46 . 6 �- 3 -2 . 3  46 . 6 46 . 9  +0 . 3  
1 971 53 . 2 46 . 8 -6 . 4 53 . 2 48 . 9  -4 . 3 
1 972 45 .4  50 . 2 +4 . 8  45 .4 45 . 5  +0 . 1  
1 973 52 . 5 46 . 8  -5 . 7 52 . 5 54 . 9 +2 .4 
1 974 47 . 1  47 . 8  +0 . 7  47 . 1  46 . o -1 . 1  
1975 51 . 3 48 . 7 -2 . 6  5 1 . 3 50 . 4  -0 . 9 
1976 22 . 0  42 . 7  +20 . 7 22 . 0  24 . 6  +2 . 6  
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HARVESTED ACR�AGE YIELD PREDICTIO:m 
CJ!.UT'TIJG SO�fE II�SIG:HFICA:n HO! THLY �BATID.,""'R. VARIABLES 
Significant Variables All Variables 
Yield Yield 
Year Actual Calculated Bias Actual Calculated Bias 
1950 30 . 8  33 . 5  +2 . 7  30 . 8 33 . 0  +2 . 2 
1951 39 . 6 42 . 2  +2 . 6 39 . 6 38. 6 -1 . 0 
1952 33 . 6 32 . 0 -1 . 6 33 . 6 34. 5 +0 . 9 
1953 28. 8 32 .4 +3 . 6 28. 8 27 .3 -1. 5 
19.54 29. 1 37 . 9  +8 . 8  29 . 1 27 . 2 -1 . 9 
1955 32 . 2  41 . 5 +9 . 3  32 . 2 32 . 8  +o . 6 
1956 · 2s . 7 25 . 7  -3. 0 28. 7 31 . 8  +3 . 1  
1957 37 . 7  42 . 9  +5 . 2 37 . 7 39 . 5 +1 . 8  
1958 46 . 6 38."2 -8 .4  46 . 6 45 . 9  -0 . 7  
1959 25 . 8  28 . 0 +� .2 25. 8  25. 7  -0. 1 
1960 45 . 8  43 . 3  -2 . 5  45. 8  · 47 . 6 +1 . 8  
1 961 47 . O 35 .4 -1 1 . 6  47 . 0 42 . 5 -4 . 5 
1962 39 . 0 44.5 +5 . 5 39. 0 41 . 1  +2 . 1  
1963 37 .3 38 . 3 + 1 . 0 37 .3 37. 8  +0 . 5 
1964 33 . 0  35 . 7  +2 . 7  33. 0 29 . 6 -3 .4 
1965 56 . 2 46 . 2  -1 0 . 0 56 . 2  54 . 3  -1 . 9 
1966 39 . 9 41 . 6 +1 . 7  39 . 9 40. 1 +0 . 2 
1967 .52 . 9  50� 0 -2 . 9  52 . 9  55. 2 +2 . 3  
1968 57 . 9  41 . 5  -16 . 4  57. 9 58 . 0 +0 . 1  
1969 54. 2 52 . 7  -1 . 5 54 . 2 .54 . 2 
1970 48. 1  47. 2 -0 . 9  48 . 1 48. 6 +0. 5 
1971 55 . 0 49 . 7 -5 .3  55 . 0  51 . 4  -3 . 6 
1972 48 . 0 52 . 8  +4 . 8  48 . 0 48 . 0 
1973 55 . 2 50. 3  -4 . 9 55 . 2 57 . 1  +1 . 9  
1974 49 . 1  51 . 5 +2 .4 49. 1 48. 1 -1 . 0  
1 975 53 . 6  51 . 6 -2 . 0 53 . 6 52 . 9  -0 . 7 
1976 29 . 2 47 . 0  +17 . 8 29. 2 31 . 3 +2 . 1  
